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PREFACE. 



In tKc firat edition of this Treatise, its utility, in 
the absence of other works upon the subject, was 
assigned as an apology for its publication. The in- 
struments, whose uses it explains, are often so little 
understood, that scarcely half of them are of any 
service to their possessor. The Sector, in particular, 
the most iinportaat in the box, is generally regarded 
as unintelligible. The Slide-rule is briefly noticed 
in some of the treatises on Mensuration; but, as the 
pnpii is presented merely with a few fonnal precepts 
how to use it, without knowing why, he never under- 
stands its nature, never understands the method of 
determining the real value of any result, and, ac- 
cordingly, soon lays it by with dissatisfaction, and 
banishes it from his memory. 

■The steady sale which the first edition has met 
with has convinced the Author that his labours were 
not in vain, and that he has extended among many 
thousands a knowledge of intrinsic value to all em- 
ployed in the delineation of mathematical figures. 
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No attempts, however, are perfect in the hegitining; 
and much was wanted in the first edition to render 
the work complete. This additional information 
has been supplied. Several problems have been 
prefixed, requiring only the compasses and ruler, 
which, together with those that follow, embrace all 
that are truly useful, and preclude the necessity of 
referring to other works on Practical Geometry. 

In hooks upon this subject, it is not usual to annex 
reasons for any of the operations, but it has been 
thought advisable to do so, in a few instances, with 
the more difficult problems ; with the rest it is not 
attempted, because, to have entered fully upon the 
subject, would have been to transcribe the whole of 
the Elements of Euclid, a work which is within the 
reach of every one, and which every one must study, 
who"desires thoroughly to understand Geometry. 

The part relating to Trigonometry, though concise, 
will bo found to comprehend every thing necessary 
to enable the student to obtain a clear conception 
of the subject, and when carried out in connection 
with the portion devoted to Navigation, will render 
its acquirement alike easy, pleasing, and useful. 

The chapter on Logarithms is written simply to 
show the mode of adapting them to instrumental 
computation ; a purpose to which every part of the 
work ia, as a matter of course, as much as possible 
made subservient. 

The section relating to the Slide-rule has been 
entirely re-written ; and, in this portion of the work, 
the Author flatters himself there will be found much 
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that ia perfectly new, and many remarks calculated 
to awaken and stimulate the youthful mind to think 
for itself; a habit of the utmost value in mathema- 
tical science, which, being based on truth, courts in- 
vestigation, and requires that we shall never assent 
till we can comprehend. In this part, the formulae 
for snrfacea and solids have been so modified as to 
embrace almost every species of mensuration under 
the simplest form ; questions for practice are inter- 
spersed throughout, that the student may teat his 
proficiency, and acquire facility in the use of the 
rule; and tables are inserted at every step, for the 
purposes of computation ; a practice in all cases ad- 
visable, as the instrumental operation and numerical 
calculation necessarily check and illustrate each 
other. 

The reciprocals of divisors, employed as factors, 
are convenient in practice ; but it was deemed ad- 
visable, upon the whole, to omit them, as the formulse 
for numerical computation would have then been 
different from those suited to the Slide-rule, which 
would have tended to perplex the mind of the 
learner ; whereas, by retaining the same form for 
both operations, it is obvious that to understand one 
is to understand the other; and the student, instead 
of coming to regard the instrumental mode of solu- 
tion as something entirely distinct from the nume- 
rical, and looking upon the agreement of the two 
rather as a coincidence than a consequence, as is 
too often the case, will see that, in fact, they are 
identical, and cannot fail, in a short time, of having 
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the very clearest conception of the whole of the 
Bubjeota treated of. 

It is somewhat surprising, that, after the lapse of 
two hundred years, so excellent an instrument as the 
Slide-rule should be so little known and appreciated 
by mathematical students in general. To the engi- 
neer and the excise officer it is perfectly familiar, 
and of daily utility ; but, from its having been al- 
most exclusively confined to them, there is an idea 
prevalent among gentlemen engaged in education, 
that it can neither be understood by their pupils 
nor be of any utility to them. A more erroneous 
conception, on both accounts, cannot be formed; 
for a knowledge of the instrument is acquired with 
little or no effort, and it may be truly stated, that 
it is the most valuable adjunct Jo mathematical 
study that can possibly be desired. Nothing im- 
prints a fact so firmly on the mind as repeated 
exercise. As Demosthenes, when asked the three 
principal requisites in oratory, summed them up in 
the word action; so may we say of learning, that 
the three great essentials to its success are contained 
in the word repetition. Dexterity in every art, and 
skill in every science, must he acquired by this 
means, and by this, alone. But, in the solution of 
questions that are necessarily laborious, every one 
feels a great disinclination to work through many 
examples, much less to repeat them ; the consequence 
is, so little impression is made on the memory, that 
the knowledge is, in many instances, forgotten as 
Boon as acquired. Now, by the Slide-rule, the most 
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tedious calculations are effected nearly as easily as 
the most simple. The student can, therefore, after 
accompanying them the first time with the numerical 
solution, go over the operations again and again 
with the rule, with the greatest ease and rapidity, 
deepening the impression each succeeding time, and 
rendering the knowledge obtained distinct and per- 
manent. 

In the truth of this, the Author is not only borne 
out by his own experience, but he can refer, with 
pleasure, to schools in which they have been adopted, 
and in which they have proved of the greatest assist- 
ance; and no one, really fond of knowledge, who 
may give them a trial, will regret the little extra 
trouble they may cause, but will rejoice in having 
found so excelleut an aid to study. Mathematical 
science is of such extensive utility that it ought to 
be universally understood; and it is impossible to 
go five or six times through the present work, which, 
after the first, may be done in a very few days, with- 
out being as familiar with the Surfaces and Solids, 
and with Trigonometry and Navigation, as with the 
multiplication table ; and this is the great object to 
be attained. To be barely acquainted with them is 
not sufficient ; knowledge, to be useful, must be at 
the moment accessible, so that we may be enabled 
to proceed without error or hesitation ; and that the 
most intimate familiarity with the above-mentioned 
studies will be obtained by the method here pointed 
out, has been again and again tried, and with the 
happiest results. 
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The small section allotted to Land Surveying does 
not properly come ivithin the design of the work, 
but it was thought it might prove useful, and has ac- 
cordingly been inserted. The measuring of a field, 
which is all that can at all be consistently aimed at 
here, is so very simple, that one example was deemed 
sufficient as a guide; but, in teaching the subject, 
more is necessary; and a very efficient method is to 
di'aw on a piece of paper a sketch of a field, which, 
with the help of a feather-edged plotting scale, or a 
diagonal scale and a pair of compasses, the pupil 
should measure, and enter his notes in a field-book, 
or slate, ruled for the purpose. The sketch should 
now he handed to the tutor. The learner, then, 
from his notes, is to construct another, upon paper, 
from the same scale. When finished, its correctness 
can be readily ascertained by laying it upon the 
original, and holding them up to the light, when, if 
accurately laid down, the lines will, of course, cor- 
respond. This plan has been tried for many years, 
and found to convey a very good idea to the mind 
of the learner. A little occasional field-practice, 
which is indispensably requisite, soon renders the 
study pleasant, and the progress certain. 

The chapter on Cask Gauging will, it is humbly 
hoped, prove a valuable acquisition to the gauger. 
The great uncertainty and inconvenience of the four 
varieties render it extremely desirable to have some 
general, qnd, at the same time, easy, and easily re- 
membered rule of approximation; and from the 
method employed in making casks, it is obvious that 
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the esact agreement of their shape with any definite 
geometrical solid must be perfectly fortuitous. The 
four varieties, however, are exemplified, together 
with the general rule for frustums; which latter, 
though rather tedious, would soon become familiar 
if once adopted. 

In Navigation, for working a day's reckoning, the 
rule is peculiarly convenient, and sufficient for all 
practical purposes; superseding the incessant turn- 
ing over and transcribing from tables ; which, though 
in themselves they arc one of the most splendid in- 
ventions of all time, and, in elaborate calculations 
requiring minute exactness, indispensable, are yet, 
in their application, as perfectly mechanical aa the 
instrumental operation itself; so that no reasonable 
objection can be m'ged against the adoption of tho 
Gunter, that does not apply, with equal force, to 
the use of Logarithms altogether. 

For gentlemen, however, who may not desire to 
use the Slide-Kule, it may be here stated, that the 
work by no means absolutely requires it ; it is equally 
available as a Treatise on Mensuration, Trigonome- 
try, and Navigation. For the purposes of calcula- 
tion, it would be found a great convenience to copy 
out, upon a sheet of Bristol board, the tables at 
pages 115, 116, 118, 123, 126, 129, 136, 137, 138, 
150, 182, and 198, as it would save much needless 
turning over of the pages ; and if each were enclosed 
in borders, and slightly washed over with different 
colours, it would make them of easier reference. 

In studying Trigonometry, Wallace's Practical 
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Mathematician's Pocket Guide will be found a con- 
venient set of Logarithmic Tables ; their cost ia a 
Eoere trifie. Barlow's and Galbraith's Tahles are 
extremely useful. The latter contains the secants 
and cosecants, which, as complemental to the cosines 
aad sines, offer great facilities in calculation. 
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A TREATISE 



A BOX OF INSTRUMENTS. 



A BOX OF INSTRUMENTS. 
The contents of a ease of Mathematical Instruments 
arc, generally, a pair of plain compasses, a pair of bow 
compasses, a pair of drawing compasses, and a drawing 
pen ; a parallel ruler, a protractor, a plain scale, and a 
sector. The plaio compasses consist of two inflexible rods 
of brass, revolving upon an axis at the vertex, and fur- 
nished with steel points. The bow compasses are a 
smaller pair, provided with a pen for describing small 
circles in ink. The sides of the pea are opened or closed 
with an adjusting screw, that the line may bo drawn fine 
or coarse as required. The drawing compasses are the 
largest of the three ; one of the legs is furnished with a 
socket for the reception of either of the four following 
pieces, as occaHioa may require; — 1. A steel point, which, 
being fised in fie socket, makes the compasses a plain 
pair, like the other ; 2, A port-crayon, for the purpose of 
carrying a piece of blaoklead, or slate-pencil, according as 
paper or slate is used for drawing upon; 3. A steel pen, 
like the one attached to the bow compasses, hut larger, for 
the purpose of describing circles of greater 
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14 A TREATISE ON A BOX Or 

rowel, or spur wteel, with a brass pen above it, for the re- 
ception of ink, which the spur, in its circuit, distributes in 
dots upon the paper. The pen, the poil-crajon, and the 
dotting wheel, are each furnished with a joiut, that, whea 
fixed in the compasses, they may be set perpendicular to 
h p p Th d w p the same as the steel pen 

h p h screwed upon a brass rod, 

^ he hand, and into tho rod 

se fi p nt for pricking. 

Th p two flat pieces of ebony or 

d h by b as3 bars, having their es- 

q ta w 1 contrivance, when the 

p h essinly move in parallel 

T p m ciri,ular piece of brass, di- 

d d d gr lumbered each way, from 

nd m b his h omitted, and the de- 

g ran J h b Jer of the plain scale. The 

p fl. p b or ivory, and is so called 

m ig a mb ines divided into plain or 

A h d , of a fised radius, is also 

g d ted upo Th is a foot rule, divided into 

q p n m b p n brass joint, or axis, from 
h wb b d w various lines through the 

wh ^ h h Tbo legs represent the radii 

k tt dd f the joint expresses the 
n Th h tor are of two sorts, single 

and d b h run along the margin and 

dges b d lib diato from the centre to the 

X m f h g d e marked twice upon the 

sam f f b um n n order that distances may 

b k p n h m w when they are opened to 
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; SLIDE-KULE, 



PRACTICAL GEOMETRY. 




DEFINITIONB. 

A POINT is that which haa position, without length, 
hreadth, or thicknesa. 

A line is leagth, without breadth, or thickness. 

A superficies is length and breadth, without thickuess. 

A solid is that which has length, breadth, and thiok- 



An angle is the opening of two straight lines n 
in a point, as RAE. 

Line^ which run side by aide, and are always equidis- 
tant, are called parallels, as SD, KL, 

A line is perpendicular to another when the angles ou 
both sides of it are equal ; and each of these angles is 
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16 A TREATISE ON A BOX OF 

called a right angle ; thus RA is perpendicular to WS ; 
and the angles RAW, RAS, are right angles. 

An a u ang ^s than a right angle, as EAS. 

An b u an reater than a right angle, as TAS. 

A fi^u n n ng hree aides is called a triangle. 

Th b un y f a right-lined figure is termed ita 
pe n. 

A anf,u fioTi containing three equal sides is an 
e^u a ra ang a KBC. 

If w f d only are equal, it is an isosceles 

n^ BH n which BH = HC. 

If the three sides are unequal, it is a scalene triangle, 
as KBH. 

A triangle containing a right angle is caJled a right- 
angled triangle, as ABO. 

A triangle containing an obtuse angle is an obtuse- 
angled triangle, as KHB. 

An acute-angled triangle contains three acute angles, 
as NMC. 

A figure containing four sides is called a quadrilateral. 

A parallelogram is a quadrilateral whoso opposite sides 
are parallel, as SKLD, KPOL. 

A rectangle is a parallelogram whose angles are right 
angles, as KMCL. 

A square is a rectangle whose sides are equal, as ABCD. 

A rhomboid has its opposite sides equal, but two of its 
angles are obtuse, and two acute, and these are opposite 
to each other, and equal, each lo each, as KBML. 

A rhombus, like a square, has all its sides equal, but 
two of ita angles are obtuse, and two aout«, and those are 
opposite to each other, and equal, each to each, as PBMO. 
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1SSTRUMENT8 AND THE SLIDE-RULE. 17 



When a quadrilateral has only one pair of its sides 
paiallel, it is called a trapezoid, as PBCO, 

When none of its sides are parallel it is a trapezium, 
as KHNL. 

A line crossing a quadrilateral from opposite angles, is 
termed a diagonal ; thus AC, BD, are the diagonals of the 
square ABCD. 

Figures of more sides thaa four are called polygons. 

If all the sides and angles are equal, it is a regular 
polygon ; if nnequal, an irregular polygon. 

A polygon of fi^e sides is termed a pentagon ; of six, a 
hexagon ; of seven, a heptagon ; of eight, an octagon ; of 
nine, a nonagon ; of tea, a decagon ; of eleven, an ua- 
deeagon ; and of twelve, a dodecagon 

A triangle is sometimes called a trignn ; and a quadri- 
lateral, a tetragon, 

A circle is a plane figure bounded by a curred line 
called the circumference, which is everywhere equidistant 
from the centre. 

A right line passing through the centre, and meeting 
the circumference at each estremify, is called the diameter, 
as SiM. 

A right line reaching from the centre to the circumfe- 
rence is termed the radius, as HM. 

An arc of a circle is any. part of the circumference, as 
the curve from S to X. 

A chord is a right line joining the extremities of an 
are, as the straight line from S to X. 

A segment is a space included between an arc and its 
chord, as SZXS. 

A sector is a part of a circle contained by two radii and 
the arc between them, as SHXZ. 
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18 A TREATISE ON A BOX OF 

Hence a sector is made up of a triangle and a segment. 

A semicircle is half a circle; a quadrant, the fourth, 
part; a sextant, the sixth part; and an octant, the eighth 
part. 

A rectilineal solid whose ends are equal, similar, and 
parallel, and whose sides are paraUelograma, is called a 

If the ends also of the prism are parallelograms, it is a 
parallel opiped : if all the sides are square, it is a cuhe : if 
the ends are unequal and dissimilar, it is a prismoid. 

A cjlinder ia a round solid, of uniform thickness, hav- 
ing circular ends. 

A pyramid is a solid which has a rectilineal base, and 
triangular sides meeting in a point called the vertes. 

A cone is a round solid tapering uniformly to a point. 

A sphere is a solid every way rou>d. 

A segment of a solid is the part cut off the top hj a 
plane parallel to its base. 

A frustum is the part left at the bottom, after the seg- 
ment has been cut off. 

Prisms, cylinders, pyramids, and cones are said to be 
right or oblique according as the base ia cut perpendicu- 
larly or obliquely to the asis. 

Plain figures formed by the cutting of a cone ate called 
conic sections. A cone may be cut five ways. If the 
cutting plane passes through the vertex of a right cone 
and any part of the base, the section is an isosceles tri- 
angle ; if through the sides, parallel to the base, a circle ; 
if obliquely through the sides, an ellipse ; if through one 
aide and parallel to the other, a parabola; if in any other 
way, the cutting plane will run beyond into a similar cone 
inverted over the other, and then the section is termed an 
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INSTRUMENTS AND THE SLIDE-RULE, 19 

hyperbola, (Al B. An ellipse may be considered as an 
elongated circle, and may he deucriied hy driving in two 
j>ins as centres, poising over them, a string wilh a loop at 
each end, and working a pencil round within the siring, 
keeping it stretched to its Kmiis.') The centrea are usually 
called foci : the diameter passing through them is termed 
the transverse; the short one at right angles to itj the con- 
jugate diameter. 

A line perpendicular to either of the diameters ia called 
an ordinate ; and the sections of the diameter met bj it 
are termed abscissas. 

The vertex of a conic section is the point where the 
cutting plane meets the opposite sides of the cone. The 
asis of a parabola or hyperbola is a right line drawn from 
the yertes to the middle of the base. 

Ali round solids maj he conceived to be described by 
the rotation of planes on their sides, or diameters, as axes. 

A right-angled triangle rotating on its perpendicular, 
forms a cone ; a parallelogram, revolving on its side, pro- 
duces a cylinder ; if a circle turn upon its diameter, it 
shapes out a sphere ; and the revolution of an ellipse gene- 
rates a spheroid. If the ellipse revolves on the transverse 
diameter, the spheroid is called prolate; if on the conju- 
gate, an oblate spheroid. The figure formed by the revo- 
lution of a parabola about its axis is termed a paraboloid, 
or parabolic conoid ; the solid formed in the same way 
by an hyperbola, an hyperboloid, or hyperbolic concoid. 

If a section of a curve revolve on a double ordinate aa 
axis, it will generate a spindle ; and this will be circular, 
elliptic, parabolic, or hyperbolic, according to the curve 
from which the section is taken. 

A regular body ia a solid contained under a certain 
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20 A TREATISE ON A BOX OF 

LQiuber of similar and equal plane figures. There are but 
five kinds, which are, the totraedron, having four equal 
triangular faces ; the hesacdron, or cube, which has sis 
equal square faces; the octaedron, which Laa eight equal 
triangular faces ; the dodeeaedron, which has twelve equal 
pentagoual faces; and the icosaedron, which has twenty 
equal triangular faces. 



THE COMPASSES. 
1. To bisect a given line AB. 



From. A and B as centres, with anj radias greater than 

half AB, describe arcs cutting each other in C and D. 

Join the points C and D, by drawing the straight line CD; 

this will be perpendicular to AB, which it will bisect in 

the point E. 

2. To bisect a given angle ABC. (See p. 21.) 

From B as a centre, with any radius, describe the arc 

DE. From D and E, with the same, or any other radius, 

draw arcs cutting each other in F. Join BF, and it will 

bisect the angle as required. 
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INSTEUMENT8 AND THE BLIDE-ROLB. 21 




3. To erect a perpendicular to a straiglit li 
I giYen point C within it. 



When the point C is near the middle of the line, on 
each side of it set off any two equal distances CD, CE. 
From D and E as centres, with any radius greater than 
CE or CD, describe arcs cutting each other in F. Join 
FC, and it will be perpendicular to AB. 



When the point is at or near the end of the line, from 
C, with any radius, describe the arc DEF. From D, with 
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bus it in E. From E, with tlie same 

b th a c G-F ; and from F, witii the same 
th 1 t re at G-. Lraw GC, aad it will be 



4. To draw c 
C without it. 



D a line AB, from a point 




XG 



Wben the point C is nearly opposite the middle of the 
line, from 0, with any conveaient radius, describe the arc 
DFE crossing AB in D and E. From D and E, with 
the same or any other radius, describe arcs cutting each 
other in G. Draw CG, and it will be perpendicular to AB. 




When the point C is nearly opposite tlie end of the line, 
from C draw any line CD. Bisect CD in E, and from 
E, with the radius EC, cross AB in F. Draw CF, and 
it will be perpendicular to AB. 
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INSTRUMENTS AND THE SllDE-RULE. 

5. To make an angle er[usl to a given angle ABC. 




From B, with any radius, draw tlie aic G-H; and from 
E, with the same radius, describe the arc KL. Make 
KL equal to GH, and through K draw the straight lino 
ED. The I DEF = L ABC. 



6. To deseribo a circle through three g 
andC. 



n points A> 1 




From B, with any radius less than BA, describe the arc 
abed; and from A and C, with the same radius, cross it 
in a and b, c and d. Draw straight lines through the 
points of intersection to meet in D, which will be the 
centre of the circle required. 
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To find th n f a g n I ak 
points in the nmf n and p d n ] 

To describe a le b u a, tr angl t 
angular point nd p eil n lik m nn 

■ f wL h h 1 




Draw the line DE equal to A. From D, with C for a 
radius, deaeribo an arc at F ; and from E, with B for a 
radius, cross it at F. Draw the lines DF, EF, and DBF 
will be the triangle required. 

To construct an equilateral triangle proceed in the same 
manner, taking the base each time as radius. 

8. To construct a rectangle, whose length A B and 
breadth C are given. 




At A erect & perpendicular AD, equal to 0. From D, 
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with the distance AB, describe an are at E ; and from B, 
with the radius C, cross it at E. Draw DE, EB. 
ADEB is the parallelogram required. 

To construct a square, make the perpendicular equal to 
the base, and proceed in like manner. 

To construct a rhombus aud rhomboid, determine the 
angle bj problem 5, and then proceed in like manner. 

9. To draw a line parallel to a given line AB, at a 



Take any two points E and F in the line AB, and, with 
the given distance, describe the arcs G and H. Draw tiie 
line CD touching the ares, and it will be parallel to AB. 

When the line is to pass through a given point C. 



In AB take anj point G, and with the distance GG 
describe the arc CH j from C, with the same radius, de- 
scribe the arc GF, and make FG equal to CII. Through 
F and C draw the straight line DE, and it will be paral- 
lel to AB, as required, 
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10. To project 
breadth A C, beinj 
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ellipse, or oval, the length A B and 




Bisect AC in D, and upon it describe the Bemicircle 
AEC. At C draw a straight line CB, perpeadicular to 
AO ; and from the point A, with the given length as a 
radius, cross CB in B. From the semicircle AEC and 
parallel to CB, draw any number of straight lines FGff, 
HKi, NM™, EDrf, &c. On the line AB, at the points 
of intersection, m, 7c, g, &c. erect perpendiculars, and maie 
ijf eqnal to GF, kh equal to KH, mn equal to MN, &o. 
Lastly, trace a curve line from B through the points /,h, 
n, e, &c., and it will givo half of the ellipse, from which 
(be other half may readily be constructed. This method 
is of great utility in describing elliptical arches, stair- 
cases, &c,, and for any purpose in which circular figures, 
or figures of any shape, require to be elongated without 
altering the breadth, as in cutting gores for globes, &c., 
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in which ease AB will he equal to half the ciroumfeTenpe, 
the breadth DB heing regulated bj the nuinher of gores 
eraployed. In instaaocs like these, the length AB will 
be verj great compared with the breadth DE, and AB 
may then he divided in the same proportion as AC, by 
other means ; for example, if the length is to be 12 times 
the breadth, then each of the diatancea Bj/, gk, km, will 
be 12 times the corresponding distances CG, GK, KM. 
This method of projecting ellipses is derived from oonceiv- 
iag a right cylinder to he out by two planes, one parallel, 
and the other oblique to the base. 

THE PAEALLEL RULER. 

1. Through a giyen point A, to draw a line parallel to 



Lay the edge of the ruler upon DE, and move it up- 
wards till it reachea the point A, through which draw BO- 
BC is parallel to DE. 




Lay the base EF, in a line with BC, and draw ED, 
parallel to BA. 

The^ DEP = Z- ABC. 
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3. To find a third proportional to two given straight 
lines, AB, AC. 



Place them together so aa to form any angle DAE, 
Tuke AD = AC. Draw BC, and DE, parallel to it. 
AB : AC : : AC : AE. 

4. To find a fourth proportional to tbree given straight 
lines, AB, CD, EF. 




Make any angle, LaM. Take GH = AB, GK = CD, 
and UL = EF. Join HK, and draw J.M parallel to it. 
AB : CD : ; EF : GM. 
For Gil: GK:: GL : GM. 

5. Another metho.l. Given AB : CD : : EF : ? 
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Make a rectangle GIILK, of the second and tbird, 
CD, EF; and inoue of the sides, produced if necessary, 
fake KM, equal to the first, AE. Draw GM, to ineut 
HL, produced if necessary, in N. 

AB : CD ; : EP : UN. 
For KM ;Gn::KG: H>f. 
And tbe third problem may be perfonned in a similar 
manner, by making a square of tbe second term. 
6. Heuce to inscribe a square in agiven triangle A13C. 



Through the vertex A, parallel to BC, draw the straight 
line AE, and from C raise a perpendicular to meet it in D. 
Draw DE, equal to DC. Join EB, cutting DC in F. 
Through F draw FG, parallel to EC, and through H and 
G draw HL, GK, parallel to DO. GL will be tbe 
square required. 

For FC : CB : : CD : BC + PE p„ f,^ 

That 18, GH : UB : : CD L EC + CD .-. GH ^^"-J-^. 
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C OF 



That is, the side of the inscribed sqaare ia equal to the 
product of tlio base and altitude divided by their sum : or 
the sum is a fourth proportional to the side, base, and 
altitude. 

7. To divide a given line AB, similarly to another CD. 




On CD, construct the equilateral triangle CDE, and 
from the vertex downwards cut off EP = AB. Draw FG, 
parallel to CD, and join EH, EK. Transfer the divisions 
L and M, to and P. AB ia divided, in the points OP, 
siiuilarly to CO, in H and K, lliatis, 

CD : AB : : CK : AP : : cn : AG. 

8. Another metjiod. J.,ot AB be tlie divided lino, and 
AC the line required to be siniilarly divided. 

Lay tbcm together, making any angle CAB. Join 
Iho eslremitiea CB, and draw GE, FD, parallel to CB. 
AC is divided similarly to AD; that in, 

AB : AC ; : AE : AG ; ; AD ; AP. 
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fl. Ilencc to divide a line AH, into any nu 
qual parts, as four. 




Diw an inilofinile liue CD, and from C, sot off any 
distauco tha iotended number of times, in the poitits 
1 , 2, 3, 4. On C 4, construct the eriuilatcml triangle EC 4. 
Mate EP = AB, and draw FG, parallel to CD- FG is 
equal to AB. Join E 1, E 2, E 3 ; and FG, that is AB, 
will he divided into four equal part.j. 



10, Or by tiie other method, 




From A, draw the straight line AC, making any angle 
CAB. From A, set off any dislanee the intended num- 
ber of times toward C, in the points 1, 2, 3, 4. Draw the 
fine 4 B, and parallel to it 3 D, 2 E, 1 P. AB will be 
divided equally into the required number of parte. 
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11. To reduce a trapezium ABCB, to a triangle. 




iagnnal AC, and through B draw BE, 
parallel to it, meeting DC, produeeii to E. Joia AE. 
The triangle ADE, is equal to the trapezium ABC- 

12. To reduce any polygon AJJCDE, to a triangle. 




Draw the diagonals CE, CA, and produce AB, hoth 
vrays, to F and G. Draw DG, paralkl to CE, and BF, 
to CA. Join CF, CG. The triangle CFG, is equal to 
the polygon ABCDE. 

13, To reduce a triangle ABC, to a parallelogram. 
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Tlirough the vertex A draw FA, parallel to EC. Bisect 
EC ia D, and raise BE, perpendicular to BO, meeting 
FA in I-:. Draw FB parallel to ED. The rectangle 
FD, is equal to tbe triangle ABO, for the content of a 
triangle ia equal to the product of half the base by tlie 
altitude. 

14. To reduce a parallelogram ABCD, to a square. 



E n ,. 



Produce BC to E, makiag CE = DC. Bisect BE 
in.F. Produce DC to K, making FK = FE, and 
CG = CK. Through K draw KH, parallel to BE, and 
tliroiigh G draw GH, parallel to DK. The square GK, 
is equal to the rectangle AC, and CG is a mean propor- 
tional between DC and CB ; that is, 

DO : CG ; : GG : CB. 

15. Hence to make a square equal to any given polygon 
ABDC. 
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Reduce it to tlie triangle ACE, and tlis to the paral- 
lelogram CHGF, and this to the square NM. 

16. To reduce a triangle ABO, to another that stall 
be of a given altitude AD. 




Join DC, and through the vertex B draw B13, parallel 
to the base AC, meeting AD, produced if necessary, in 
the point K. Through B draw EF, parallel to DC. 
Join DF. The triangle DAF = ABC. 
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THE PROTRACTOR. 

It is unnecessary to desctilie the construction of this. — 
It is simply a semicircle, divided into 180 equal parts, 
tormed degrees. As mentioned in the introduction, these 



degrees are, iu somi 
plain ecale, which i 
however, far from i 
Some protractors an 
3G0 degrees. 



hoses, transferred to the border of tho 
; used precisely as the protractor : it is, 
eing so convenient as the semicircle, 
complete circles, and contain, of course 



1. To find the number ( 
;iven angle BAO. 




Lay the central notch of the instrument upon A, and 
the edge along AB, as in the diagram ; and observe the 
number cut hy the other line AC. 

2. To lay down an angle ABC, which sliall contain a 
given number of degrees. 
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Draw a line EC, of anj length. Place the noteli against 
B, and the edge along EC. Prick a point J) against the 
number required, and through it draw the line AB, 

3. Through a gi^en point C, to draw a lino paralell to 
a given line AB. 



In AB take any point 
angle DOE, equal to the 
DC 13 parallel to AB. 

4, To divide a given 
equal parts. 



, and join CE; and make the 
ingle CEB, by the line DC. 



line AB, into any i 
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"From die estreniiHos of the line AB, draw the lines 
AC, BD, niiiliiug eijual angles. From A towards C, and 
from B towards D, set off any distance once less than the 
intended number of parts. Number one from the extre- 
tuity A, and the other towards the other extremity B, and 
join the like numbers. AB will be divided as required. 



5. To erect a perpendicular to a given 1 
a point 0, irilhin it. 



e AB, from 



Place the edge along A B, 
against 90 prick the poiub D, 
the perpendicular rorpired. 

6. To let full a porpendicu 
from a point C. 



ind the notch at C. 
md draw DC. BC i 




Draw any line CA, Observe the number of degrees 
contained io the angle CAB, Subtract it from 90, and 
make the angle ACB, equal to the remainder, by the line 
CB. CB will be the perpendicular reqiured. 
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7. To divide a, given angle, ABC, into any number of 
equal parta. 




Find the number of degrees ; divide it by the required 
lumber of parfa, and prick off the quotient along the rim, 
IS in D. Join BD. 




Bisect any two of the angles ABC, AOB, by the 
straight Hoes BD, CD,, crossing each other in D, from 
which let fall the perpendicular DE. DE is the radius 
of the required circle. 
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fl. In a circle to inscribe any regular polygon. 




Divide 3G0 l»j the intended number of sides. Place the 
instrument with the notch against tlie centre, and prick off 
tbe quotient round the rim. If the number of sides be 
odd, tie instrument will require to be turned round; if 
even, half may be pricked off, and lines drawn through 
the centre, the extremities of which meeting the circle, 
will give the points required. Connect the points, and the 
polygon will be ci 



10- To construct 




given I 



e.AB. 
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Divide 360 by the intended number of sides, subtract 
the quotient from 180, and halve the remainder. Make 
the angles OAB, CBA, eaoh equal to this, hy lines inter- 
secting in C- CA is the radius of a circle, round which 
the line AB may be carried the required number of times. 

11. To describe a circle within or without a regular 
polygon. 




Bisect any two angles, ABC, BCF, by the lines BD, 
OD, and from D let fall DE, perpendicular to the side 
BO. ED is the radius of the outer, and ED of the inner 
circle, as required.* 

THE PLAIN SCALE. 
The method of constructing the plain scale is obvious. 
A number of horizontal lines on one side haTJng been 
drawn through the whole length of the rule, and a vertical 
column on the left for the reception of numbers, a distance 
of two inches is laid down, and divided, upon the l«p line 
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into 9 equal parts, upon tlie next into 8, and so on, down 
to 3. These are repeated along the rule as often as ita 
length will allow ; the first portion of each is suhdivided 
into tenths and twelfths ; and numbers are placed in the 
column, showing how many of the tenths are contained in 
an inch. A scale of chords, marked C, is graduated along 
the top ; and at 60 a small r is placed, indicating that 
distance from the heginnicg to be the radius of the circle 
from which they are taken. Tbej are merely the degrees 
of a quadrant or quarter of a circle, laid down in a straight 
line ; thus, — 




Draw the lines BA, BO, at right angles to each other; 
and with any convenient distaaee, BA, describe the arc 
AsC ; divide it into 90 equal parte, and join AC. From 
C as a centre, with the distances C 10, C 20, &c., describe 
the arcs 10, 10' ; 20, 20', &c. meeting the line AC. Fill 
np the separate degrees, which are not marked in the 
diagram to prevent confusion, and the scale is complete. 
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It is evident, by inspection; that the chord of 60 is eqnal 
to the radius, as shown by the letter r upon the rule ; 
which distance is therefore always to be taken in laying 
down angles, as will be described when we come to epeak 

The other face of the rule is divided along the top into 
inehcs, and these into tenths. The next line is divided 
into 50 eqnal parts. Under these is what is called the 
diagonal scale. It consists of 11 equidistant parallel 
lines, crossed by vertical ones a quarter of aa ioch apart. 
By taking Ihese alternately, another scale is obtained, of 
twice the size of the former. The first of each of these is 
divided into ten equal parts, above and below ; and oblique 
linca are drawn from the first porpendinular below to the 
first division above, and continued parallel, by which con- 
trivance the first space is divided into 100 equal parts : 
consequently, if the line contain ten of the large divisions, 
each of these small spaces is the thousandth part of 6uch 
line. If, therefore, the large divisions denote hundreds, 
the first subdivisions will be lens, and the second, units. 



The plain scale is simply for laying 
manner of using the first side is evident. If the number 
47 be required, place one foot of the compasses upon 4, 
and estend the other to the 7th subdivision of the tenths. 
If 3 feet 5 inches be required, place one foot on .8, and 
stretch the other to the 5th division of the twelfths. The 
following figure is kid down from the scale at the bottom, 
numbered 15, and may be tested by the pupil. 
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The scale of chords aervea the purposes of the protractor, 
ind is u'ed as follows r — 

1. To find the number of degrees contained in a {:iveii 
ingle, BAG. 




from A with the radius 60 describe the arc a a. Take 
the distance from ra to it in the compasses, and apply it to 
the heginning of the scale. The number to which it 
reache?, shows the degrees contained in the angle. 

2. To make an angle ABC, which shall contain a given 
number of di 




li U with the radiua GO describe the arc AC. Tate 
3 from the scale ; place one foot of the compasses in C, 
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^^ Make AC^4equalparts- 

F^om C, with a distance of 3 
from the same scale, make 
an arc ; and from A with 5 
cross it in D. Join DC- 
J DC will be the perpendicu- 
lar required. 




,Google 



INSTRUMENTS AND THE SLIDE-RTTLE. 45 

Giyen two square pieces of deal board ; the side of one 
17 inches, of the other 29. It is required t( 
side of another that shall be equal to both. 




Lay down a base, AC ^^ 29, and raise a pcrpendieular 
BC^=17. JoinAB; apply it to the scale, and it will be 
found 33.6. For the square of the hypothenuse is equal 
to the sum of the squares of the base and perpendicular. 

It is required to find the diameter of a copper, that, 
being of the same depth as another whose width is 13 
inches, may contain Ihrice as much. 



Make AB^ 13, and raise a 
perpendicular AC. Prom B, 
with twice the distance, cross 
it in C. Apply CA to the 
scale; it will be found to be 
22J. For if AB = 1, and 
Pi BC = 2, then AC = i/ 3. 



Three men bought a grindstone, 20 inches in diameter; 
and agreed that the first should use it till he ground down 
J of it for his share ; the second to do the same ; and cbo 
third to finish the remainder. Ascertain the diameters of 
the second and third shares. 
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Draw tlie line AB = 20 ; bisect it in 0, and on AG 
describe the semicircle AEDC. Divide AC into three 
equal parts, in the points FG-; perpendicular to which 
draw the lines EF, DO, to meet the semicircle. Join 
EC, DC, and produce them till CII be equal to CD, and 
CK to CE. EK is the diameter for the second person, 
and DH for the third. By applying them to the scale, 
EK will be found to be about 16J, and DH rather more 
than llj. . For AC.CG = CD= and AC.CF = CE» 
.-. CG : CF : : CD' : CE=; and the areas of circles are 
as the squares of their radii. 

Four men bought a grindstone of 30 inches in diameter; 
and agreed that the first should use it till he ground down 
l-4th of it for bis share, deducting 6 inches in the middle 
for waste ; and then that the second should use it til! he 
ground down l-4th part ; and so on. What part of the 
diamefer must each grind down ? 

l-5th of the diameter being waste, l-25th of the content 
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is waste; therefore, conceiving the whole to contain 25 
shares, 1 share will be for waste, and each person will have 
6 shares. 

Hence, draw the line AB ^: 30, and on AO describe the 
semicircle AHKLMC. Divide AC into 25 equal parts 
by problem 10, parallel ruler; and make AG, GF, FE, 
ED, each equal to 6 of these parts. From the points 
G, F, E, D, raise perpendiculars to meet the semicircle in 
n, K, L, M; join HC, KC, LC, and MC ; and, having 
drawn circles from H, K, L, M, with C as acentro, produ.ce 
them to N, 0, P, Q. The diameter AB is 30 : HQ will 
be found, upon applying it to the scale, to measure about 
26; KP, nearly 21J; LO, about 16; and MN, 6 for the 
waste. Subtracting these in succession, we have 4 inches 
for the first, 4i for the second, 5§ for the third, and 10 
for the last. 

The student will find these problet 
end of the Uses of the Slide Eule. 
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TRIGONOMETRY. 

The circumference of a circle is supposed to be divided 

into 360 equa! parts, called degrees. Each degree is 

divided into CO minutes; each minute into CO seconds; 



° at tlie top of the 
and so on. Thus, 

, 25 seconds. 




., or a quarter, 
30 m piemen t of 

3 the chord of 



The difference of an arc from 00 dec 
is called its complement; thus FO is i 
CB. The chord of an arc is a Hne d. 
tremity of the arc to the other; thus CK is 
the arc CBK. 

The sine of an ate is a line drawn from one extremity 
of the are perpendicular to the diameter passing thmugh 
the other extremity ; thus CD is the sine of the are CB, 
or angle CAB, which it measures ; and CE is the sine of 
the arc CF, or angle CAF, which it k 

The sine is half the chord of twice < 
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The tangent of an arc is a line touching the circle in 
one extremity of the arc, and meeting a line drawn frora 
the centre through the other extremity j thus Grii is the 
tangent of the arc CB, or angle CABj and FH is the 
tangent of the arc CF, or angle CAF. 

The secant of an arc is the liae meeting the tangent ; 
thus GA is the secant of the arc CB, or angle CAB j and 
AH is the secant of the arc CP, or angle CAF. 

The versed sine of an arc is the part of the diameter 
intercepted between the arc and its sine : thus DB is the 
versed sine of CB. 

The cosine, cotangent, and cosecant of an arc, are the 
complement's sine, tangent, and secant : co being simply 
a contraction of complement. Thus CE, or AD, ia the 
cosine of CB, being the sine of the complement CF : so 
FH is the cotangent of the arc CB, being the tangent of 
the complement FC; and AH is the cosecant of CB, 
being the secant of the complement CF. 

From these definitions it ia evident — 

1st. That when the arc is 0, the sine and tangent arc 0, 
hut the secant is then the radius AB. 

2d. 'When the are is a quadrant, FB, then the sine is the 
greatest it can be, being the radius of the circle ; and the 
tangent and secant are infinite. 

3d. The versed sine and cosine together make up the 
radius. 

4th. The radius AB, the tangent BG, and secant AG, 
form a right-angled triangle. 

5th, The cosine All, the sine DC, and radius AC, also 
form a right-angled triangle. 

Gth. The radius AF, the cotangent FH, and cosecant 
AH, also form a right-angled triangle. And since the 
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Heuoe 



PAII =: the angle ACD ^-= the angle AGB ; 



i gilt- angled triacgloa 



EA 



AC 
radius 



nilar to each other. 



Air. 



cosecant. 



GB BA. Ar FH 

TU. tangent ralius radius c tangent 

So the radius is i mean proportional between the cosine 
and secant, the sine iiil cosecant, and the tangent and 
cotangent. 

la every case in trigonometry three parts must be given 
to find the other three , and one of these at least must be 

The cases in trigonometry are of three varieties ; 
1st. When a side and its opposite angle are given. 
2d. When the two sides and the contained angle are 
given. 
3d. When the three sides are given. 



When a side and its opposite angle are two of the given 
parts ; then 

Any side : sine of its opp, angle ; ; any other side : sine 
of its opp. angle. 
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Ana, 

Sine of any Z_ : its ojip. side 
its opp. side. 



Malie AE- 
Then AB 



3 any other L- : 




But BD i 

.-. AB ; 



= BC, and EF, BD, perpendicular to AC. 

BD : T AE : EP. But A];! = BO ; 

.-. AB ; BD : : BC : BF. 
the sine of C, and EF of A ; 
in opp. /L : : BC ; sin. its opp. L A. 



n. 
When two sides and their contained angle are given. 
5uni of sides : their difference ; ; tang. } suttt of oppo- 
site angles : tang, of \ their diff. 
Then } sum + J diff. = greater j 
and \ sum — \ diff. i^ less. 
Let ABC he the proposed triangle, having the two 
given sides AC, BC, including the given angle C. 




From C, with radius CA, describe a semicircle, meeting 
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BC produced io D and E. Join AB, AD, and draw DF 
parallel to AE. 

Then BE = BC + CA, the sum of the sides BC, CA: 
and BD = BC — CA, their difference. 

Also, CAB + CB A = CAD + CDA = 2CDA ; 

.-. L CDA =1 1 CAB + CBA. j 
That is, CDA is half the sum of the UBknown angles. 
Again, L CDA = L DBA + L DAB ; 
.■. L. 'DAB = L CDA — L DBA 
= L CAD — L CBA, 
Add to each side DAB ; then, 

2 DAB = GAD -f DAB —CBA 
= CAB — CBA ; 
.-. DAB=-{CAB — CBA.j 
That is, DAB is half tho diffurence of the unknown 

Now EAD heing a semicircle, EA is perpendicular to 
AD, as is also DFj .-. AE is the tangent of CDA, and 
DF the tangent of DAB, to the same radius AD. 

But, BE : BD : : AE : DF; 
that ia, the sum of the sides ; difference of tlie sides : : 

tangent of J sum of opposite angles ; tangent of i their 

difference. 

Three angles of a triangle heing equal to 180°, the suta 
of the unknown angles is found by (aking the given angle 
from 180°. 



"When the three sides are given, to find tlie angles. 



,Google 



IXSTltUMENIS ANO THE SLIDE-BULE. 53 

Base : sum of other sides ; : diffcrcnco of those sides 
; dJffcrcncB of segments of base, made by perpendicular 
failing from the vertex. 
Let ABD be the given triangle. 







From B with the distance BA describe 
produce DE to G. Then, 

DG = »B + BA ; and HD ^ DB — BA. 

Also, since AE = EP; .-. FB = DE — EA. 

But AD ; DG : ; HD ; FB, (Euclid 3, 46 ;) that is, 
Base : sum of other sides ; : diff. of those sides : diff. of 
segments of hase. 

Hence, in each of the two right-angled triagles,, thare 
will he known two sides, and the right angle opposite to 
one of them. 

AH eases of plane triangles may be solved hj these 
three problems ; but for right-angled triangles, the follow- 
ing are more conTcnient ; — 



,Google 



First n ake the liaae AB radius j then, 
E'ilius fang. A : : AB : EC; 
Ridius secant A : : AB ; AO. 



Then Radius : tang. C 
Radius ; secant C 



Lastlj, make AC radius. 




Radius : 


sine A : : At; 


CB; 


Kadius 


COS. A : : AC 
SECTOR. 


AB. 



The lines on the sector, as before stated, are of two 
sorts, single and double. Only tlie double lines are sec- 
toral; these proceed from tlie centre, and are^ 

1st. A scale of equal patia, marked L, and containing 
100 divisions. 

2d. A scale of choi'ds, marked C, running to 60. 
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3d. A line of eecauta, marked S, runDing to 75. 

4th. A line of polygons, marked Pot. These are num- 
bered backwards from 4 to 12. 

Upon tlie other face, the sectoral lines are, — 

1st. A Ime of sines, marked S, running to 90. The 
sines may be easily distinguished from the seeants, though 
marked the same ; as the distances of the sines diminish 
towards the end, while the secanta increase. 

2d. A line of tangents, marked T, running to 45. 

3d. Between the line of tangenta and sines there is 
another line of tangents, beginning at a quarter of the 
length of the former, to supply their defect, and extend- 
ing from 45 to 75, marked t or T. 

The distance from T to T, from S to S, from to C, 
and from L to L, is the same ; so that at whateyer distance 
the sector may he opened, the angles formed by those lines 
will always be equal. The polygons are laid down to a 
shorter radius, for the sake of including the pentagon and 
square. The radios, the chord of 60", the sine of 90°, 
the tangent of 45°, the secant of 0°, all are equal. 

The method of constructing the sectoral lines is eshi- 
hited in Fig. 1, fronting the title-page. 

Prom the point A with any convenient radius describe 
the circle BCBE, and draw the diameters BD, CE, cross- 
ing each other at right angles in the centre. Produce 
to P, and through 15 draw BG, a tangent to AB. Join 
EB, BO, CD. 
Ill the construction oftliefolhivvng Scales, only the primary 

divisions are dratcn, the stnaller oiiei being omitted to 

precent cotl/usion, : — 

Divide AD into ten equal parts, and these again into 
tecths; so shall AD be a line of equal parts. 
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Divide the arc BC into 9 equal parts, and tliese again 
into teaths, and witli the compasses from B, as a centre, 
transfer the divisions to the straight line BO ; so shall BO 
be a lino of cliords. 

From each of the divisions of the arc BC let fall perpen- 
diculars upon AB, and number them backwards ; so shall 
AB be a line of sines. 

From the point A, through the divisions of the arc BC 
draw straight linos to meet EG- h 11 B b 1 f 

tangents. And from D to the ml n f th 
BO, draw straigiit lines cutting AG h 11 AC be In 

of half-tangents. 

The distances from the centr A t th d n n th 

line of tangents being transferred t Ar \1 n 11 b 1 
of secants. 

From B, in the arc BE, cut fl th fifth ] t f ll 
cireumferenco, 72°, and transf t w h h mp t 

the straight line BE. Do th m w th th fl 

scTenth, eighth, &c. ; so shall BL > a 1 ^ P bg 

Transfer these distances to th i n up th 1 d 
the sectoral part is complete.* 

From the property of simi] t n I AB PC 
AJ : he; hence, if AB were d ddnttn i Ij t 
and A6 contained four of thos p t th n BO b n^ d 
Tided into ten equal parts, ic w id nt n f f th 

And if AB were tlio sine of 90°, and Kb the sine of 



linea arc beatlaiii tlonn by Ihe help of 
Ac, in the aaiDe wiiy as Uie lines of 
logarithmia numberE, sines, and tanj 
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40° ; then BC beiflg taken the sine of 90°, 6c would be 
the sine of 40°. 

And if AB were the radius of a circle, and A6 the side 
of an octagon inscribable iu the same ; then BC being the 
radius of another circle, he would be the side of an octagon 
inscribable in the same. 

And hence, though the lateral scale AB ia Pied, yet a 
parallel scale BC is obtainable at pleasure. 

The manner of taking distances from the sectoral lines 
will be beat nnderstood from the frllowing figure, which 
contains & portion of the line L. 




When the distance is taken from the centre A, along 
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either of the legs to any point, BC, or E, it is called a 
lateral distance j when it is taken from anj point of ono 
leg to the corresponding point of the other leg, as from B 
to B, from C to C, from D to D, or from L to L, it is 
called a-parallel distance. To mak^ any length then, as 
for instance an inch, a parallel distjince from 3 to 3, or D 
to D, the pointe of the compasses ara to be opened an 
inch ; then placing one point against the 3 of one leg of 
the rule, open the rule till the other point will fall upon 
the 3 of the other leg. Observe, the points of the com- 
passes must always be placed upon the lines nearest the 
opening of the rule — upon those which would, if continued, 
meet in the centre. As distances are taken from all 
the sectoral lines in the same manner, and as they are of 
most citensive utility when used conjointly, it will not be 
^ to treat of them separately. 



USES OP THE SECTOR. 

To divide a given line AB into any n 
parts, as 6. 



Take the distance from A to B in the compasses, and 
make it a parallel distance from 6 to 6 on the line L; 
then the parallel distance from 1 to 1 will be the sixth 
part of the lino AB, as required. 

To find a third proportional to two numbers, 4 and 6, 
Take 6 laterally, and make it a parallel distance from 4 
to 4 on L : then take the parallel distance from 6 to 6, 
and apply it laterally ; it will be found to measure to 9, 
the third proportional required. Or make the lateral dis- 
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tance 4, a parallel distance between 6 and 6 ; then will 
the lateral distance 6 ho found a parallel distance between 
9 and 9. 

To find a fourth proportional to three given numbers, 
3, 4, and 6. Take the lateral distance 3, and stretch it 
as a parallel from 4 to 4 on L; then take the lateral dis- 
tance C, it will be found to extend as a parallel from 8 to 
S. Ormake 4 a parallel distance from 3 to 3; then will 
the parallel from 6 to 6 measure laterally to 8, 

The reason is obvious; for in all eases, — 

Any lateral distance : its parallel distance : : any other 

lateral distance : its parallel distance. 

And conversely, 

Any parallel distanco : its lateral distance : ; any other 

parallel distance : its lateral distance. 

To measure the lines of the peri- 

P meter of any fignr?, one of whioh, 

y as AB, contains a given number of 

y ee|uai parts, as 4. Hake AB a pa- 

/ rallel distance from 4 to 4 on L. 

/- Take CB, and it will he found a 

^^ X Ijj parallel distance from 3 to 3 ; take 

d md a parallel 



7. Make the 
1 to 1 on L ; 
7 ; it will be 

5. Make the 
e of 5 on L; 
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tiien will tlie parallel distance of 1 he the lateral distance 
of 8. 

To divide a line in any required proportion, aa 2, 3, and 
4. Take the length and make it a parallel distance from 
9 to 9, their sum, on the line L ; then will the parallel 
distanc* from 2 to 2, 3 to 3, and 4 to 4, he the parts re- 
quired. 

If the number is greater than 100, take some aliquot 
part of it, and then multiply the result by the number hy 
which it was divided. 

To measure an angle ABC with the line of chords, C. 
With any radius BA, describe the are AC j make BA a 
parallel distance from 60 to 60 on C ; then take AC, and 
moving it along, find the numbers to which it will apply 



a parallel distance. 



A^ 



t a given point B, in a given line AB, to n 
e containing any number of degrees, as 30°. 




Open the sector to any distance, and take the parallel 
distance from 60 to 60, with which describe the arc DE. 
Take the parallel distance from 30 to 30 ; and setting one 
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foot of the compasses on D, prick off the distance to E ; 
through E draw BO. ABC is the angle required. 

And so of all the problems given under the protractor. 

To measure any angle, ABC, with the line of sines. 

From any point, A, let fall the lino AD, perpendicular 
to EC ; then in AD the sine of B, the radius being BA. 



Therefore, take BA, and make it a parallel distance from 
90 to 90, on the line S ; then take AD, and moving it 
along, find the numhcra to which it will apply as a pa^ 
rallel distance. 

At a given point A, in a given line AB, to make an 
angle containing any number of di 




Make AB a parallel distance from 90 to 90 on S ; take 
the parallel distance from 30 to 30, and from B describe 
an arc. Draw AC touching the arc. CAB is the angle 
required. 

And so of all the problems under the protractor. 
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To measure any angle, ABC, with the line of tangents, T. 



At any distance, D, raise the perpendicular BE, to meet 
AB ; then is DE the tangent of B, the radius being BD. 
Mate BD a parallel distance from 45 to 45 on T ; then 
take DE, and moving it along, find the numbers to which 
it will apply aa a parallel distance. 

At a given point A, in a given line AB, to make an 
angle containing any number of degrees, as 30. 




Take any point, C, at which erect the perpendicular CD, 
Make AC a parallel distance from 45 to 45. Take tho 
parallel distance from 30 to 30, and from C cut off CE 
equal to it. Join AE. EAB is tho angle required. 

And so of the rest under the protractor. 

angle, BAC, with the line of secants. 
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Take any point, D, and raif 
Make AD a parallel distance ft 
secaEts ; then take AE, and ir 
numbers to whieli it will apply 

At a giTon point, A, in a given line AB, to make 
angle containing any number of degrees, as 40. 



tie perpendicular DE. 

a to on tbe line of 

■ ing it along, find the 

parallel distance. 



Raise BC at right angles to AB. Make AB a parallel 
distance from to ; then take the parallel distance fi\)m 
40 to 40, and with it, from the point A, cross BC in D, 
Join AD. DAB will be the angle required. 

And so of the rest under the protractor. 
TAe line of secants caniuA he employed to much aduantage 

when the number of degrees is under 30, nor the line of 

sines when above 70, as is evident from an inspection of 

the rule. 

To find the chord, sine, tangent, and secant of 30 de- 
grees, to a radius of two inches, AB. (See diagram p. 64.) 

Take 2 inches in the compasses, and make it a parallel 
distance from 60 to 60 on the scale of chords ; it will also 
be a parallel distance from 45 to 45 on tlie tangents j and 
from 90 to 90 on the sines. Therefore, taking the parallel 
ie from 30 to 30 ou the line C, it will give the chord 
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of 30 degrees, BB; from 30 to 30 on the line S, it will 
be the sine of 30 degrees, BC; from 30 to 30 on the line 
T, it will be the tangent of 30 degrees, BD. When the 
cumber of degrees is above 45, the same opening will not 
suffice for the tangenls j it will then he necessary to set 
the radius to the 45 of the smaller tangents, and take the 
aperturt as usual. So for the secants, make 2 inches a 
parallel distance from to ; then will the parallel dis- 
tance of 30 be the secant AD. 

When the rule is opened to the radius of the smaller 
tangents, it is also opened to the radius of the secants. 

All h problems given under the protractor may bo 
p f m d bY any of these lines ; but polygons are most 
Ij constructed by the lines Pol. ; and in taking 
d t f m these, the points of the compasses are to be 

pi d the same line as that from which the chords are 
t k Th side of the hexagon, 6, does not reach to the 

h 1 f 60 as has been mentioned ; a smaller radius 
b h for the purpose of including the 5 and 4, the 

p d square. Since the radius of a circle is equal 

to the side of an inscribed hexagon, the radius is always 
to be made a parallel distance from 6 to 6. 

An example or two will suffice. 
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To construct a pentagon on a given line AB. Take 
AB, and mako it a parallel distance from 5 to 5. Take 
the parallel distance from 6 to 6 for a radius, and tvitb it 
from A and B describe arcs crossing each other in C, and 
from C describe a circle. Tbe distance AB will run 5 
times round it, and form the pentagon rei^uircd. 




And so of any regular polygon. 

In a given circle, to inscribe a regular heptagon. Find 
the centre of the circle, and mako the radius a parallel 
distance from 6 to 6 ; take the parallel distance from 7 to 
7, and it will run 7 times round the circle as required. 




And so of any regular polygon. 
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1 SECTOR TO TRIGONOMETRY. 



Required the height of a tower, ATI, the angle of ele- 
vation, ACB, 200 feet distant, heing 47 J". 



^X 




The angle E will be 90 — 47i =42}. 
Taking AC radius, AB is the tangent of C, or 47 J". 
Hence, Rad. ; CA : : tang. 47J=' : AB. 

Tike 2U0 fiom a scale of equal parts, (the diagonal 
scale IS the best ) and make it a parallel distance from 45 
to 45 on Ihi. smiller line of tangents; take the parallel 
distance frim 4"^ to 47J, and apply it to the same scale 
of equal parts, it will be found to measure about 213 
feet, the hfi^ht of the tower. 

Otherwise, Sine B : CA : : sine C : AB. 

On the line of sines stretch 200 from 42 J to 42* ; take 
the parallel distance from 47J to 47}, it ivi'i measure 
218 as before. 

What was the perpendicular height of a balloon, when 
ita angles of elevation were 35° and 64°, as taken by two 
observers at the same time, both on the same side of it, 
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vertical lioe, their distance teicg 8 




Tiie external angle DEC = DAB + ADB ; 

.■.ADB = 64 — 35 = 29. 

Then, Sine ADB : AB : : sine A : BD. 

Take 880 from a scale of equal parts, and make it a 

parallel distance from 29 to 29 on the lino of sines ; then 

will the parallel distance from 35 to 35 measure 1041 for 

the line BD. 

Again, Sine C : BD : : sine DEC ; DC. 
Tate 1041 and make it a parallel distance from 90 to 
90, the angle C being a right angle ; then take the paral- 
lel distance from 64 to 64, and it will measure 936 for 
CD, the perpendicular height of the balloon. 

"Wanting to know the distance between two inaecessihle 
trees from the top of a tower, 120 feet high, which lay 
in the same right line with the two objects, I took the 
angles formed by the perpendicular wall and lines con- 
ceived to be drawn from the top of the tower to the bottom 
of each tree, and found them to be 33° and 64 J". What 
IB the distance then between the trees ? 
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Angle, BAG = 33°. Angle, BAD = (i4i. 

Making AB radius; — 

Bad. : AB : : tang. BAG : EC. 

Taie 120 from a scaJe of equal parts, and make it a 
parallel distance from 45 to 45 on a lino of tangents ; from 
which take the parallel distance from 33 to 33 ; it will 
measure 78 on the scale for BC, the distance of the first 
tree from the bottom of the tower. 

Again, Had. : AB : ; tang. BAD : BD. 

Make AB, or 120, a parallel distance from 45 to 45 on 
the smaller line of tangents, from which take the parallel 
distance from 64^ to 64^ ; it will measure 251} on the 
scale for BD, the distance of the ferther tree from the 
bottom of the tower. 

FCcnce 251} — 78^173}, the distance between the 



Being on the side of a river, and wanting to know the 
distance to a house which was seen on the other side, I 
measured 200 yards in a straight line by the side of the 
river; and then at each end took the horizontal angle 
formed between tbe house and the other end of the line, 
which were 68° and 73°. What then were the distances 
from each end to the house ? 
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Angle A = 68° J B =^ 73° ; 73° and 68° = 141 ; 
.-,0^39°, siDce the three angles of every triangle = 180°. 



: AB : 



e A: ] 






Sine C : AB : : kIhb B : AC. 

Hence, take 200 from the scale, and make it a paraJlel 
distance from 39 to 39 on the line of sines ; then will the 
parallel distance from QS to 68 measure 294i equal parts 
for BC; and the parallel distance from 73 to 73 will 
measure 304 for AC. 

Having to find the height of an obelisk Btanding on the 
top of a declivitj, I first measured from its bottom a dis- 
tance of 40 feet, and there found the angle formed by the 
oblique plane, and a line imagined to go to the top of the 
obelisk, 41° ; but, after measuring on in tlie same direc- 
tion 60 feet farther, the like angle was only 23° 45'. 
What was the height of the obelisk ? 
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AC = 40; DC = 60; angle BAG = 41=; BDC = 
23f°; .-.DBG -=171°. 

Then, Sine DEC : DC : : sine BDC ; CB. 

Make DC, CO a parallel distance on the line of sines 
from 17J to 17i ; take the parallel distance from 23J to 
23i, and it will measure SlJ for CB. 

Then, in the triangle ABC; two sides BC, CA, being 
known, and their included angle, 

Sum of BC, CA ; diff. BC, GA : : tang, i sum of 
angles A and B : tang i their diff. 

NowBC + CA = 121J; andBC — CA=41J. 
Again, since EGA = 41°, the other two ^: 139" ; } of 
which = 695° for half the sum. 

Make ISlJ a parallel distance from 69J to 69i on the 
line of tangents; then will 41 J be the parallel distance of 
42j. Hence, 69j — 42i ^27° for the angle CBA. 

Lastly, Sine CBA : CA : l sine BOA ; AB. 
Make 40 a parallel distance from 27 to 27 on the line 
of sines; then will the parallel distance from 41 to 41 
57 J for AB, the height of the obelisk. 

a; upon the top of a castle 80 feet high, I threw 
a string over to a person on the farther side of the moat 
at the bottom, and found it to measure 100 feet. What 
was the breadth of the moat, and angl 



Making BC radius ; BO : rad. ;: EA : sine C. 
Make 100 a parallel distance from 90 to 90 on the li 
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S, then will 80 be a parallel distance from 53 to 53, the 
angle of depression, or angle C. 

Again, Ead. : BC : : cos. 

Letting the rule stand, the apertun 

part of the proportion : tbe cosine of 

the parallel distance from 37 to 37, 

scale : it wiU measure 60, for CA. 



J. : AC. 

; is set to the first 
53" is 37°. Talis 
md apply it to the 



The breadth of a street is 30 feet, the height of a house 
40. What must be the length of a ladder that will reach 
from the top of the house to the opposite side of the waj ? 




CB + BA = 70; CB— BA = 10. 

J sum of Z. a, and A = 45". 
Hence make 70 from the scale a parallel distance from 
45 to 45 on the larger line of tangents ; then will 10 from 
the same scale be a parallel distance from 8 to 8. 
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8 + 45 = 53= the angle CAB. 

Then, Bad. : AB : : see, CAB : AC. 

Make 30 a parallel clistatjce from to on the line of 

secants; then will the parallel distance from 63 to 53 

e 50 feet, the length of the ladder AG. 



Coasting along the shore, I saw a cape bear from mo 
NUE; then I stood away N Wh W 20 miles, and I ob- 
served the same capo to bear from me N Eh E: required 
the distance of the ship from the cape at her last station. 



*^^ 




0, the ship's first station ; A, the place of the ship in 
her second station; B, the cape. Then, 

CA=20 miles; L ACB^78J; L ABO=^ BCD = 33i. 
Hence, Sine ABC : AC : : sine ACB : AB. 
Make 20 a parallel distance from 3SJ to S.S? on the 
line of sines; then will the parallel distance of 785^ measure 
35 miles nearly, for AB, the distance of the ship from 
the cape in her last station. 
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Enough has been ahowo to enable the pupil to apply 
the rule to most of the purposes to which it is adapted. 
Beside the sectoral lines, which may now be dismissed, 
there are on the edges the decimal parts of a foot, and 
along the margin a scale of inches; these need no expla- 
nation. There are also three other lines, marked N, S, 
and T, called Gunter's lines. The distances on N are the 
logarithms of numbers; on S, logarithmic sinea ; and on 
T, logarithmic taogentfi. These are the same &s the lines 
of the slide-rule. 



Referring to a table of logarithmic numbers, i 
tangents, we have 



No, 


Log. 




Sine. 


Taog. 


1 


000 


1 


8.241 


8.241 


2 


:^oi 


2 


8.542 


8.543 


3 


4'/ 7 


a 


8.718 


8.719 


4 


Wlii 


4 


8.843 


8.844 


6 


liHS 


S 


8.940 


8.941 


6 


77H 


6 


9.019 


9.021 


7 


»45 


&c. 


&c. 


&c. 



Lay down three parallel lines, N, S, T, as below, and 
draw AB perpendicular to them, that the beginniaga of 
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tlia llirco may coiTospnnd. The log. of 1 being 0, set 1 
at the commence meat N. From the diagonal scale take 
o£f 301, tlie log. of 2, and laj it from N to 2 ; turn it over 
again, and it will mark the log. of 4 ; turning it again, it 
will reach to the log. of 8, and ?o on. 

Again, from the diagonal scale take off 477, the log. of 
3, and lay it from N to 3 ; turn it over, and it will reach 
to 9, from 9 to 27, and so on. Setting the same distance 
from 2, it will reach to 6, from 6 to 18, and so on. For 
5 take 698 from the scale, aad set it from N to 5 ; the 
same distance will reach from 2 to 10, &c. For 7 take 
845, and set it off from N to 7. Lay the line over again, 
and proceed to fill up the distances 11, 12, &e. from a set 
of tables, till the line is finished. 

For the Hue H. 

The logarithmio sine of 1° is 8.241. Disregarding the 
whole number 8, which ia prefixed to indicate the great 
extent into which the radios is supposed to be divided, 
take from the same scale 241, and lay it from S to 1 ; lay 
off 542 from S to 2 ; 718 from S to 3 ; 843 from S to 4; 
940 from S ta 5 ; 1019 from S to 6 ; and so on to 90". 

For the Una T. 

The logarithmic tangent of 1*= is 8.241 ; hence, it will 
be over the 1 of S; lay ofl^ 543 from T to 2; 719 from 
T to 3 ; 844 from T to 4 ; 941 from T to 5 ; 1021 from 
T to 6 ; and so on to 45. Arriving at 45, the numbers 
return, and 50 is placed witt 40 ; 30 with 60 ; 20 with 
70; 80 with 10; and 90 at tho beginning; the decimal 
part of the logarithmic tangent of any degree being the 
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arithmetical complement of tlic cotangent; since, aswas 
shown, the radius is a mean between the tangent and co- 
tangent. 

An esample or two of the manner of using these lines 
will he sufficient. For the reasons of the operations, the 
student is referred to the Treatise on the Slide-rule. 

In the lines S and T, the numbers show the values 
which are to be taken. On the line N, the second division 
will he ten times those of the fii-st division ; the values are, 
otherwise, arbitrary. Thus, if 3 of the first division be 3, 
that of the Bcoond will be 30 ; if 30, SOO ; and bo on. 

Uses ofihe line N, or Logarithmic Numbers. 

To multiply 4 by 5. Take the distance from 1 to 4, 
stretching the rule open to its full extent ; it will then 
reach from 5 to 20, the product. 

To divide 30 by 5. Take the distance from 1 to 6, it 
will reach backwards from 30 to 6, the quotient. 

To find a fourth proportional to three numbers, 3, 4, 
and 6. That is, 3 : 4 : : 6 ; ? Take the distance from 
the first to the third j it will reach from the second to the 
fourth. The distance from 3 to 6 will roach from 4 to 8, 
the fourth proportional required. 

To square and cube 3. Take the distance from 1 to 3, 
and set it forwards from 3 ; it will reach to 9, the square 
required. Set it forwards again from 9, and it will roach 
to 27, the cube. 

To extract the square root and cube root of 64. Take 
the distance from 1 to 64; find, by the line of lines, the 
half of this; it will reach from 1 to 8, the square root. 
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Find by the line of lines tLe third of it, and it will reach 
from 1 to 4, the cube root of 64. 

fsiss of (he lines N, S, and T, copjointti/. 

In the right-angled triangle ABO, suppose AB 124, 
and the angle A 34° 20'; consec[iient!y, the angle C 
55° 40'. Required EC and CA. 




3 A : : AB : BC. 
Hence, on the line S, take the distance backwards from 
55S to 34J ; this will reach hack on the line N from 124 
to 84.7 the length of EC. 

Again, Sine C : sine B : : AE : AC. 
Take the distance forwards on tlic line S from Sr.f to 
90 i this will reach forwards on the line N from 124 to 
160, the length of AC. 

Otherwise for the perpendicular BC, 

Rad. : tang. A : ; AB ; BC. 
On the line T, take the backward distance from 45 to 
34J ; this will reach hack, on the line N, from 124 to 
84.7 for BC, as before. 

From the tep of a tower, by the sea-side, of 143 feet 
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height, it was observed that the angle of depression of a 
ship's bottom, then at anchor, measured 35° : what then 
was the ship's distance from the bottom of the wall f 




The angle of depression of tlia vessel is ABC, and con- 
sequently is equal to the angle of elevatiou of the tower, 
BCD. Henee, making BD radius; 

Ead. : tang, 55° : : BD : DC. 

Stretch the compasses on the line T, from 45 to 55; 
this will reach from 143 to 204 on the line N. 

What is the perpendicular height of a hill ; its angle of 
elevation, taken at the bottom of it, being 43° ; and 200 
yards farther off, on a level with the bottom of it, Sl° ? 
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Sine 15° : sine ?J1° : : 200 : BC; and 
Sine 90 : sine 46° r : BC : CD. 

Stretch the compasses oa the line S from 15 to 31; tWs 
distance, on the line N, will reach from 200 to 398 for 
BC. Again, take the hackward distance from 90 to 46 
on S; this will rea^h baok from 398 to 286 for CD, the 
height of the hill. 

A point of land was observed, by a ship at sea, to hear 
E b S; and after sailing N E \1 miles, it was found to 
bear S Eh E. Jt is required to determine the place of" 
that headland, and the ship's distance from it at the last 
observation. 




Sine 22J : sine 56i : : 12 : BD. 

On the line S taie the forward distance from 22J to 
56i ; this will reach from 12 to 26 for BD, the ship's 
distance from the last pkce of observation. 

Standing upon the top of a castle 80 feet high, I threw 
a string over to a person on the farther side of the moat 
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at bottom, and found it to 

the breadth of the moat, and the 



100 feet. Hequired 
;le of depression. 




CB : BA 






Had. : COS. C : : CB ; CA. 

Measure back on N from 100 to 80 ; this on S will 
reach back from 90 to 53 for the sine. The cosine of 
53 to 37. 

On S take the distance back from 90 to 37 ; it will 
reach back on N, from 100 to GO for CA. 

Tbese csamples will be sufficient to show the pupil the 
method of using the lines. He can work oyer the ques- 
tions that were solved by the natural sines and tangents 
of the sectoral Enes; taking the numbers from N, instead 
of from a scale of equal parts, and the sines and tangents 
from 8 and T respectively; observing, that a forward 
distance from one is to be applied as a formard distance 
to the other, and a boc/cward distance from one as a lack- 
ward distance to the other. The distance on the line T, 
from 45 to 55, is to bo reckoned as a forward distance, 
while the distance from 45 to 35, though the same, is to 
be accounted a backward distance. He will also observe, 
ia stating the proportion, that that which was made the 
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Becond term for the sectoral lines, must be placed third 
when intended for the Gunter's. Thus— 

For tlie sectoral, AB r sine C : : BC : t,ma A. 

iV the logarithmic, AB : BC ; : sine C ; s.ine A. 
Sach is the Sector; it was devised by tie celsil>rj,ted 
Gunter, about the year 1Q07, and did not, at first, con- 
tain the N, S, and T lines ; these were added sixteen 
years later, or nine jears after Napier's admirable inven- 
tion of logarithms. In the jear 1657, Partridge greatly 
improved upon the plan, by laying the lines down double, 
and sliding one against the other. The sector dwindles 
into insignificance, in comparison with the slide-rule, 
which ia nearly a perfect instrument, and adapted, in a 
degree, lo every species of computation for which loga- 
rithms are available. The chief merit, however, is due 
to Gunt«r, for hundreds can improve where only one can 
invent. 
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L0G4_EITHMS 

IniPiTHMs aie a senea ot numl i.rs in aiithmetical 
pi-jgreS'5!0D corresponding to another acnes of numbers 
in geometncal progiession thus — 

1 2 4 8 16 32 64 128 256 

where tte indices 0, 1, 2, 3, &c. in the arithmetical series 
are the logarithms of the mimbera 1, 2, 4, 8, &c. of the 
geometrical. 

On examining these, it will he found that if any two 
of the logarithms, or indices, are added tngether, theJr 
eum will be the logarithm or indes of the product uf the 
numbers to whicli they belong. Thus, 2 and 3 are 5 ; 
the number against this is ^2, whiuh is the product of 4 
and S, the numbers beneath the indices 2 and 3. 

In like manner, if any one of the indices be iubtracled 
from another, (heir difference is the indes of the qunijent 
of the numbers. Thus, 5 from 7 leave 2, the number 
against which is 4, the quotieut of 128 by 32. 

For the same reason, if any one of the indices be mul- 
tiplied by another denoting power, (he product will be 
the index of that power, Thua, tn find the square of' 8 ; 
its index is 3, which, doubled, becomes 6, the index of 
64, the square of 8, as le^^uired. 

Lastly, if the index of any nnmber bo divided by the 
indes of any root, the quotient will be the index of that 
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root. Thus, to find the square root of 16 ; its index is 4, 
the half of which is 2, which is the indes of 4, the square 
root of 10, 8^ required From whii,h it appear? thit ad- 
ditnn of logarithms anaweri to multiph cation of common 
numbers 'iubtnction to division, multiplif-ation to mvu 
lutiou, md JiTi'ion to evulutioa The lame will also be 
thfc Last if wc select any other geometrical seriei, thus — 

i 3 9 2T 81 243 729 



1 10 100 1,000 10,000 100,000 1,000,000 
From which it is evident that the same indices may aerve 
for any system, and, consequently, that the varietiea of 
systems of logarithms are infinite. 

Now, since numbers are hut expressions for the measure 
of distances from a fixed point, it follows, that if from the 
commencement of any line, we set off equal distances in 
the points 1, 2, 3, &c., and raise against them a series of 
perpendiculars, 1, 2, 4, 8, &c., we shall have in the extre- 
mities of these perpendiculars a series of distances 1, 2, 4, 
8, &c., whose logarithms will be the distances 0, 1, 2, 3,&c. 
These representing the indices of the distances measured 
by the perpendiculars, they will of course possess the same 
properties as the indices themselves. 

Thus, let it be required to multiply 16 by 4. With a 
pair of compasses take the distance from to 2, the index 
corresponding to 4 ; set one foot of the compasses on 4, 
the index of 10, the other point will tench forwards to 6, 
the index of 64, the product of the numbers 4 and 16, 

Again, let it bo required to divide 64 by 16. Take the 
distance from to 4, the index of the less ; place one foot 
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f_LJ_i 



of tte compasses on 6, tlie index of the greater, the other 
point will reach back to 2, the indes of 4, the quotient 
lequiret!. Next, let it he required to find the square of 8. 
Take the distance froin to 3, the index of 8. Place the 
composes on the'point 0, and turn them over twice ; they 
will reach to G, the index of G4, the square required. 

Lastlj, to find the square root of 64. Take half the 
distance from to G, which is the point 3, the index of 8, 
tlie square root required. 

But for taking squares, and square roots, it will he more 
convenient to have tie logarithmic distances laid down to 
two scales, Figs. 1 and 2, in which the distances of the 
latter shall be twice those of the former. Then to take 
the square of 8. Measure the distance from to 3, 
Fiff. 2 ; apply this to Fit/. 1 ; and it will reach to 6, the 
index of 64, the square required. And to find the square 
root of 64. Take the distance from to 6, Fig. 1; it will 
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r a ! f om to Fj rL 1 ath 1 s f tie 
&qu TG r t T ju ed Thu ly mecban al ni in we 
obtain the BaiQO results as T j ar thmct oal calculat on a 
f rwarl mot on performs the work f mult pi oat n a 
ba kward that of subtraction an inep ase of A stance t! e 
raising of powers ; and a diminution, the extraction of 

But since the application of the compasses is a tedious 
method, it is desirable to perform the same operations by 
a readier way, which we may now proceed to consider. 

If to the end of AB we set the beginning of CD, it is 
evident that the distance AE, reaching from the com- 
mencement of one to the end of the other, measures their 
united lengths, or expresses the sura of the two ; 



That is, AB 4^ CD := AK = 2 -f 3 ^ 5. 

And if against E, the estremity of the line AE, we set 
D, the estremity of CD; the part AB, between the be- 
ginning of the longer and the beginning of the shorter, 
measures their difference ; 

That is, AE — CD = AB = 5— 3 =^ 2. 

For addition, then, the rule may be expressed r — Set the 
heginning of one to the end of the other [ then against the 
end of the second is their satn on the first. And, for sub- 
traction : — Set the endi together, then at the heginning of 
the shorter is their difference on the longer. 

A few operations will best jnipriTit this upon the me- 
mory of the student, for which purpose he must furnish 
himself with scales of equal parts, as on p. 85. 
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On a slieet of paper take anj distance, and set it off 20 
times, as A. And beneath it at any convenient distance, 
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Slide. 

double the space 10 times, as J). Then take a slip of 
card or paper, B, which we may call the slide, of a, breadth 
about sufficient to fill up the space left between A and D, 
and mark upon it the same scale of equal parta as upon 
A. With these we may perform the following opera- 

I. To find the half of any number, and the double of 
any number. 

Lay the slide in the space between A and J), then under 
any number on B is its half on D, and over any number 
on D is ita double on B. 

II. To find the sum of any two numbers, and lialf their 
sum. 

Let the numbers be 6 and 4. Against the 6 on A set 
the beginning on B, then over the 4 on B is 10, their 
sum, and under it on D is 5, half their sura. 

III. To find the difitrcnco of any two numbers, and 
half their difierence. 
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T^t the numbers he 11 and 5, Against the 11 oa A 
set the 5 on B, then over the beginning of B is 6, their 
difference, and under it 3, half their difference. 

IV. The sum of two numbers may be found by three 
methods. 

Thu3, of 5 and 7. Against 5 on A set the beginning 
of B, over the 7 on B is 12 on A; — or push the slide out 
till the 5 on B reach the beginning of A, then under the 
7 on A is 12 on B ;— or invert the slide, and set the 7 on 
B to the 5 on A, then against the beginning of B is 12 on 
A. Also for the differenee ; under the 7 on A set the 5 
on B, against the beginning of B is 2 on A; — or against 
the 5 on A set the 7 of B, against the beginning of A is 
2 on B;— or invert the slide and set its beginning to the 
7 of A, then over the 6 of B is 2 on A. 

T. To add any number, 3, to twice another, 4. 

Push the slide back till the 3 on B reaches the begin- 
ning of D ; over the 4 on D is 11 on B. Or against the 
4 on D set the beginning of the slide ; over the 3 of this 
is 1 1 on A.— Hence, to multiply any number by 3, as 6 ; 
(that is, to add 6 to twice 6.) To the 6 on D set the 6 
on the slide inverted; over the beginning of this is 18 on 
A. — Hence also to divide any number by 3, as 18. Set 
the beginning of the slide inserted to 18 on A, or tlie 18 
on B to the begiuning of A or D, then where ec[ual values 
meet together on B and J>, is the third of the number; 
thus, the 6 on B meets the 6 on D. 

VI. To add a number, 5, to the half of another, 6. 
Against 5 on B set the beginning of B, under the 6 of 
which is 8 on D. 
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VII. To subtract a number, 3, from twice another, 4. 
Against the 4 on D set the 3 of E, over the beginning 

of which is 5 on A. 

VIII. To subtract half a number, 6, from auother, 7. 
Against the 7 on I> set the 6 of B ; under the begin- 

niDg of this is 4 on D. 

IX. From anj number, 9, to subtract twice another, 2. 
Against 9 on B set tie 2 of D; over the beginning of 

P is 5 OQ B : or invert the slide, and over the beginning 
of D set 9 on B; over the 2 of D is 5 on B. 

X. To subtract a number, 3, from the sum of two 
others, 4 and 5. 

Against the 3 on A set the 4 on B ; then under the 5 
of A is 6 oa B. The reason of this is plain ; for to have 
added 4 to 5, the slide ought to have been pushed out till 
the 4 fell under the beginning of A ; but, as it was not 
removed so far back by 3 spaces, the result will evidently 
be 3 less than the sum. Otherwise, invert the slide, and 
against the 4 on A set the 5 of B ; over the 3 of this is 
6 on A, or under the 3 of A is 6 ou B. Here, had wo 
wanted the sum, we should have counted to the beginning 
of the slide, or from the beginning of A; but as in both 
instances we omitted 3 spaces, the resnlt is 3 less than the 

XI. To subtract 3 from 5 added to twice 4. 

Under the 3 of A set the 5 of B ; over (he 4 of D is 10 
on B. The reason of this is obvious : to have added 5 to 
twice 4, the slide ought to have been pushed out till the 5 
reached the beginning of A or D, but as it was not re- 
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moved so far by 3 spaces, the result is 3 less than the 
sum. It may be performed otherwise by inverting the 
slide. Against the 4 of D set the 5 of B ; over the 3 of 
this is 10 on A, or under the 3 of A is 10 on B. The 
reason is evident. 

Xn, To subtract tirice a number, 3, from the sum of 5 
and twice 4. 

Place the 5 of B over the 3 of D ; over the 4 of D is 7 
on B. To have added 5 to twice 4, the 5 of B ought to 
have beea set at the beginning of D, but as it is not re- 
moved so far back by twice 3 spaces, the result is twice 3 
less than the sum.— These operations are to be carefully 
attended to, especially the last, as, in working with the 
elide-rule, it is more employed than any other. 

XIIT. To substract half 6 from 5 added to half 8. 

Against the 5 on D set the 6 of B ; under the 8 of B 
is 6 on D. To have added 5 to half 8, the beginning of 
the slide ought to have been placed at the 5 of D, then 
i:uder the 8 of B would have been the sum ; but as tho 
slide is not set so forward by C half-spaces, the result is 
half 6 less than the sum. 

As the whole art of using the slide-nile depends upon a 
perfect knowledge of these simple movements, the pupil 
■will do well to make himself thoroughly acquainted with 
them, and to attend carefully to the reasons for every ope- 
ration. Unless he does this, he must always work m the 
dark, and will be perpetually liable to fall into mistikea; 
whereas, if he makes himself intimate with them, he will 
be enabled to proceed with certainty and pleasure 

We may dow resume the consideration or logarithms, 
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and return to Figs. 1 and 2, on page 83 ; and here it ia 
at once evident, that as fara,athe solution of anyquestiona 
is concerned, the perpendiculars are of no importance, the 
egnal distances and the increasinij numbers being all that 
are required. If, then, to the scales we have been using, 
or to any others of equal parts, where the distances on D 
are double those of A and B, we affix the geometrical 
numbers 1, 2, 4, S, &c., the distances, measured from 
the eommeucement, will be the logarithms of.those num- 
bers, and may be applied to the usual purposes for which 
logarithms are adapted. 

The preceding operations may now be repeated ; but, 
instead of simply adding and sabtraeting, doubling and 
halving, they will present themselves under the shapes of 
multiplying and dividing, squaring and extracting the 

Logarithmic Scale. 
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Slide. 

square root ; and will become converted into the following 
operations, which the pupil should compare with the pre- 
ceding, step by step, as he advances, making use of the 
logarithmic scale and slide, and the common scale and 
elide, alternately. 
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I. To find the square of any number, and the square 
root of any number. 

Lay the slide in the space between A and D ; then 
under any number on E is its sijuiire root on D ; and over 
any number on V is its square on B. 

II. To find the product of any two numbers, 4 and IG, 
and the square root of their product. 

To 4 on A set the beginning of B, over the 16 of which 
is 64, their product on A ; and under it, 8, the square root 
of their product, the mean proportional between them. 

III. To find the quotient of any two numbers, 8 and 
128, and the square root of their quotient. 

Against the 128 on A set the 8 on B; then over the 
beginniug of B is 16, their quotient ; and under it, 4, the 
square root of their quotient. 

IV. The product of two numbers may be found by three 
methods. 

Thus, of 16 and 4. Against 16 on A set the begin- 
ning of B ; over the 4 of B is 64 on A;— or, push the 
slide out fill the 4 on B reaches the beginning of A; 
then under the 16 of A is 64 on B ; — or, invert the slide, 
and set the 4 on B to the 16 on A ; then against the be- 
ginniug of B is 64 on A. Also, for the quotient : — under 
the 16 on A set the 4 on B; against the beginning of B 
is 4 on A J— or, against the 4 on A set the 16 of B; 
against the beginning of A is 4 on B; — or invert the 
slide and set its beginning to the 16 of A; then over the 
4ofBis4on A. 

V. To multiply any number, 4, by the square of 
another, 8. 
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Push the slide back till the 4 on B reaches the begin- 
ning of D ; 0¥er the 8 on D ia 256 on E ; or against the 
8 on D set the beginning of the slide ; over the 4 of this 
is 256 on A. 

Hence, to cube any numher, as 8, that is, to multiply 
8 by the sijnare of 8. Against the beginning of D set 8 
on B ; over tho 8 of D is 512 on B ;— or, invert the slide, 
and against 8 on D set 8 on B ; over the beginning of B 
13 512 on A. 

Hence, to find the cube root of a number, as 512. Set 
the beginning of the slide inverted to 612 on A, or 512 
on B to the beginning of A or D ; then where equal 
values meet together on B and D is the cube root of the 
number, 8, 

VI. To multiply s. number, 8, by the squai-e root of 
another, 16. 

Against the 8 on D set the beginning of B, under the 
16 of which is 32 on D. 

VII. To divide the square of any number, 16, by any 
number, 8. 

Against the 16 on D set the 8 of B, over the beginning 
of which is 32 on A. 

VIII. To divide any number, 64, by the square root 
of any number, 16, 

Against the 64 on D set the 16 of B ; under the begin- 
ning of this is 16 on D. 

IX. Todivide any number, fi4, by the square of another,4. 
Against 64 on B set the 4 of D ; over the beginning of 

D is 4 on B. 
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X. To find a fourth proportional to three numbers, 4, 
32, and 64 ; or, which is the same thing, to divide by 4, 
32 times 64. 

Against the 4 on A set the 32 on B ; then under the 
64 on A is 512 on B. For inverse proportion,— as, if 8 
men can build a wall in 16 dajs, in how many days will 
32 perform tha same ? — Invert the slide, and against the 
8 on A set the 16 of B ; under the 32 of this is 4 on B ; 
or, over the 32 of B is 4 on A. 

XI. To divide by 8, 32 times the square of 4. 
Under the 8 of A set the 32 of B ; over the 4 of D is 

64 on B ;— or, invert the slide, and against the 4 of D set 
the 32 of B ; over the 8 of this is 64 on A, or under the 
8 of A ia 64 on B. 

XII. To divide by the square of i, 8 times the square 
of 16. 

Place the 8 of B over the 4 of D ; over the 16 of D is 
128 on B. 

XIII. To divide by the square-root of 64, 4 times the 
square root of 256. 

Against the 4 of D set the 64 of B; under the 256 of 
B is 8 on D. 

These operations, it will be seen at once, are precisely 
the same as the former. They may be represented alge- 
braically, as beneath ; where m, n, and r, are any num- 
bers taken at pleasure. 

I. Log. m= = 21og. m; 

.-. m on D, m' on B. 

Log. i/ m— ! log. to; 
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II. Log. iM V =^ log. m -(- log, n ; 

.■. m on A -(- Ji on B, mn oa A. 

l og- "t + log- " . 

Log. l/ni n =. i7 ; 

.: m on A + n on B, l/^TiTon B. 

III. Log. — ;:^ log. m — log. n ; 

.-. mon A — nonB, ™on A. 

Log., f"^_ log.m. — log, w; 

A » — "2 

IV. Log. niB = log. JJt -h log. )i ; 

.-. monA + »onB, miion A. 
Or, »i on B + re on A, m n on B, 
and log. ■■= log. m. — log. « ; 

.-. monA— non B, - on A. 
Or,monB = «onA,'^^onB. 

V. Log- mn"— log, m + 2 log. n ; 
.-.OTODB + «onD,mre=onB. 
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Or, » on D + wi on B, m n" on A, 

and log. m?orm m'i^log. m -|- 2 log. m; 

.-. m on E -j- m on D, m" on B. 

Or,monri-i-MonB,m'onA. 

VI. Log,m«J=log.m+— |--; 

.-. monD + «onB, mjiJonD. 

Vn. Log. — = 2 log. m — log. n ; 

.-. m on D — Ji on B, —on A. 

VIII. Log.^ = log.m-^; 
-■. wion D — n. 

IX. Log. — = log. m. — 2 log. n; 
.■. monE — nouI>,™onE. 

X. Log. — ■ =^ log. M -f log. 11 — log 
.■. — »■ on A + m on B + n on A, — 1 

XI. Log, ^ = log. m -i- 2 log. K — Ic 
.-. — J on A + m on B + » on D,^L^ 
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Xn. Log. --^ = log. »!, + 2 log. n — 2 log. r 



J- oa D + m on B + ra on D, ~ 



B + m on D + )i on E, 



^j- 



In all these operations tlie student will at onoe perceive, 
■what it is scarcely necessary to mention, that the move- 
ments are from the paper to tbe slide, and from the slide 
to the paper, alternately. 

Thus, from A to B, and back to A. From A to B, and 
thence to D. From B to D, and bsiek to B. From D to 
B, and hack to J>. From D to B, and thence to A. From 
A to B, and thence to A, and back to E. From A to B, 
and thence to D, and back to I!. 

The preceding operations include the whole theory of 
the Slide-rule ; but as it is suitable only for particular 
numbers, in the form we have presented it, it remains to 
explain the method of inserting those that have been 
omitted. For this purpose, draw any angle BAC, and in 



the base take any two points, B, F; make AE = AF; 
join DE, EP, and through F draw I'Q parallel to DE; 



y Google 



and through G draw Gil parallel to FK; and so on. 
Theu we have, 

AD : AE : : AP : AG. But, AE = AF ; 

.-.AD ; AF : : AE : AG. But,AG=AH; 

.■.AD :.AF : : AF : AH. 

Hence, AD : AF : : AF : AH ; : All : AL, &c. 

Putting AD = 1, and AF = a, we have 



1 : c 



ea°=l, 



', &c.: 



S&c.; 



where the indices, 0, 1, 2, 3, 4, &e. are the logarithms 
of a", a', a", a", a', &o., or of AD, AF, AH, AL, &c. 

Along any line, MN, from any point 0, set off a aum- 
her of equal distances, 1, 2, 3, 4, &•},, and at these erect 
perpendiculars, taking the first equal to AD j tie next, 
AF; the nest, AH; and soon. 




Then shall be the logarithm of AD or 1; 1 the 
logarithm of AF; 2 of AH ; 3 of AL; and so on. 

If the distance between the points 0, 1, 2, 3, &c. were 
indefiaitoly small, then would the line ES, connecting the 
extremities of the perpendiculars, become a curve, called 
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the logarithmic curve, and from this might every number 
of the slide-rule be readily obtained. For practical pur- 
poses, however, we shall not require distances less thaa 
the eighth of an inch ; but it will be advisable to deter- 
mine the lengths of the perpendiculars by a more tedious 
process than the one described ; as in this, the least error 
ia drawing the parallels is so increased by the divergence 
of the lines forming the angle, as most frequently to ren- 
der the curve altogether useless. 

From the nature of the lines AD, AF, AH, it follows 
that AF is a mean proportional between AD and AH. 
Hence, if the lengths AD and AH were given, AF might 
be inserted, by problem 14, on the parallel ruler. Thus, 
to raise a mean proportional between a b and e f, — 

Produce e f, and make f g ^ a b ; bisect e g in h, and 
from the point h, with the distance h g, cut off f k. Bisect 
b'f in m, and make m n = f k. m ii is the mean pro- 
portional required. 
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halfwaj between m and f, and again between f and tliis, 
and so on to any degree of exactness. 

Instead of biseeting the line b f continually, it will bo 
better to set up a number of perpendiculars first; anil, for 
tbis purpose, it will be necessary to choose Borae number 
represented by 2" + 1, as 2' + 1, 2= + 1 = 17, 33, &c., 
as by this means there will always be a line ready, from 
which to cut off the mean proportional. Further, in order 
to obtain ten numbers, the last perpendicular mtts.t be 
taken ten times the smaller. Having, then, set off any 
distance IG times along AB, (see title-page. Fig. II.,) and 
raised 17 perpendiculars, take any height, AC, and com- 
plete the parallelogram, ACDB. Divide DB info ten 
equal parts in the point* I, ii, in, iv, &c. Between 
B 1 and AC, find the mean proportional f; between this 
and AC, g; and so on, till all are determined. Connect 
their extremities by the logarithmic curve C m a 1, and 
through the points IX, Tin, vii, vi, &c. draw lines paral- 
lel to CD, to meet it in m, k, h, o, &c,; from which 
points draw the lines m 9, k 8, &o. parallel to AC. The 
distances from D, toward C, will represent the logarithms 
of the numbers 2, 3, 4, &c. Lay this line over again to 
E, and make EF equal to ED ; join FC, and draw the 
parallels; so shall EF be divided logarithmieallj; and, 
wnce EF is twice CD, the numbers oa CD shall be the 
squares of those ou EF; and if CG- be made equal to one- 
third of EF, then shall the numbers on CG- be the cubes 
of those on EP, and the square roots of the cubes of 
tliose on CD. — Thus, lo find the square and cube of 5. 
Take, with the compasses, the distance from F to 5; this 
will reach from D to 25, the <quare, and from G to 125, 
the cube. — To find the square root of 16. Take 16 from 
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i into tenths is easy; 

: measure tho distance 

u 3 to Ij; also from 
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D, it will reacL from F to 4.^To find the square root of 
4 euhcd. Measure from D to 4; the distance will reach 
from G to 8. 

The subdivision of the portior 
thus, foe instance, on the line E F ; 
from 1 to 2 ; this will reach back fro 
6 to 2 J, from T to 3i, and so on ; also the distance from 
1 to 3, on DC, will reach forward from 4 to 12, from 5 
to 15, from 6 to 18, &c. ; the distance from 1 to 4 will 
reach forward from 4 to 16, from 6 to 24, from 7 to 28, 
&c. ; the distance from F to 2 will reach forward from G- 
to 8, from 8 to 64, &c. ; and thus, by a little contriyance, 
may the whole of the subdiyisions be filled up. 

By means of the logarithmic curve we may double a 
cube or globe. Thus, suppose the diameter of a globe, or 
the side of a cube of gold, is half an inch ; it is required 
to find the diameter of another that shall contain twice as 
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Draw AB at right angles to AC, and make AD equal 
to half an inch, and AE the double of it. Draw EF and 
DG parallel to AC, meeting the curve in P and G, A-O'ii 
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wliich points let fall the perpendiculars FH, GK. Di- 
vide HK into 3 eqaal parts, and mate NL and OM 
parallel to FH. M ia the diameter of the globe re- 

For, from the nature of the curve, 

KG ; OM : : OM : NL : : NL ; FH; 
.-. KG^ : OM' : : KG. ; FH; that is, as 1 : 2. 

The duplication of the cube ia a problem famous in 
anliquitj. It was proposed, bj tlie oracle at Delphi, as 
a means of stopping tie plague which was then raging at 
Athens. 

To lay the numbers down on the rule, however, cor- 
rectly, we must have recourse to a table of logarithms, as 
was shown in describing the Sector. The line intended 
to be numbered is to be divided into 1000 equal parts; 
then the distance from 1 to 2 will be 301 of those parts, 
this number being the logarithm of 2 ; the distance from 
1 to 3 will be 477, the logarithm of 3, &o. 
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THE SLIDE-EULE. 

The Slide-rule is an instrument containing the loga- 
rithmic lines we have boert describing ; they are arranged 
in different ways, according to the purpose for which they 
are intended; bat the most estonsivelj useful ia that in 
which the D lino commences with unity. The line A ia 
laid down twice along the top of the rule; the line D 
once in the same space, at the bottom of the rule ; between 
them is a groove for the reception of the slide BC, which 
is merely a copy of the A lino. In the niles I have cou- 
etnieted there are two other grooves, for containing two 
extra slides, when not in use. One of these is marked E, 
and contains the logarithmic line repeated thrice. The 
third is . trigonometrical slide, and is graduated with lo- 
garithmic sines and tangents, the former of which work to 
the line D, and the latter to A. At the back is a com- 
prehensive table of numbers, suited to the variety of lines, 
surfaces, and solids usually met with. In making use of 
the rule, it is to be observed, that the values of the num- 
bers in the second division of A, B, and 0, are fen times 
those of the first. If the first series be reckoned as .01, 
.02, .03, &c., the second will ho .1, .2, .3, &a. The fii-st 
.1, .2, .8, &e., the second 1, 2, 3, &c. The first I, 2, 3, 
&e., the second 10, 20, SO, &o. And here it is immaterial 
whether a number is chosen from the first or second divi- 
sion ; but, in ascertaining the squares and square roots of 
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numbers with and D, it will be necessary to observe, 
that if the number of figures representing the square be 
odd, or a decimal having an odd number (if oiptiers befoi'e 
tUo first effective figure, it must be selected from the first 
division of C; if otherwise, from the second, divisioa. 
Tbis is analogous to the caution requisite in oxfrac ting the 
roots of numbers by computation, whore it is necessary to 
make the first point fall upon the unit, and to have an 
even number of figures in the decimals. A little practice 
on the rule will soon render tbis familiar : thus, to find 
the square soot of 5, or .05, look under the 5 in the first 
division of C; for the square root of 50, ,5, or .005, under 
6 in the second division of C ; for iu common arithmetic 
it is necessary to put .5 into the shape of .50, and .005 to 
.0050, before we take the rootj and the same form, of 
course, applies to the tlide-rule A like principle applies 
to the E slide. Whole numbers containing one figure are 
in the first division, two in the second, and three in the 
third ; and decimals are managed accordingly. Besides 
this, there is a mutual relation between the lines, which 
will be readily understood by attending to the remarks 
that follow. 

When the slide BO is laid evLiiIi/ in the groove, that is, 
when the commencement of A coincides with the com- 
mencement of B, the numbers on A are the same as the 
numbers on B; when the slide is in mty oilier position, 
the numbers on A ato proportional to the numbers on B. 
The same is the case with the D line. When the slide 
lies evenly in, the numbers on are the squares of those 
on D ; when the slide is in any other position, the numbers 
on C are propoiiioiial to the squares of those on I>. Thus, 
let the slide be drawn back till the 2 of B falls under the 
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1 of A, then we liaye a series of continued proportionals, 
or equivalent fractions, tiie odd terms or nuiueratoia stand- 
ing above tlie even terms or denominators, as s^=n =5 
= g = ^ = &c.,orl:2::2:4::3:6:L4;8::5:10;: 

&c.; and on the C and D lines ^=^= ^^^^1= ^"-i 
or 2 : 1' : : 8 : 2' : : 18 : 3« : : 32 ; 4° : : &c. An attention 
to the above will explain everj operation. Whenever we 
require to square a nnmber, we select this number on D, 
and look over it on C ; whenever we wish to obtain the 
square root of a number, we select tiie number on C, and 
look Totiter it on D. When we neither require to square 
it, nor to extract the root, the D line does not cuter into 
the operation, and the A and B lines are used indiffer- 
ently. We may now proceed to the mode of valuing the 
numbers. 

Let it be required to multiply 3 by 5. Under the 3 
of A set the beginning 1 of the BC slide ; then over the 
5 is 15. Here the number ehosen from the first division 
consisting of a unit, the beginning of B also a unit, and 
the result falling in the second division, it will consist 



To multiply 3 by 50. Let the slide stand as before; 
tlien, the 5 being taken as 50, the beginning of the slide 
will be 10 ; therefore the 3 standing over it, in the first 
division of A, becomes 30; consequently the result, fall- 
ing in the second division, will be 150. 

To multiply 30 by 50. Lot the slide remain ; the pro- 
duct is now 1500; for the 5 on B being reckoned 50, the 
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commencement of tie slide will be 10; therefaro the 30 
standing over it in the first division becomes 300 : conse- 
quently the result failing in the second division, the pri- 
mary number will be thousands. 

In dividing numbers, the following considerations are 
to be attended to. If the divisor contain as many figures 
as the dividend, the beginning of the line containing the 
dividend will be unity. If the divisor have one more 
figure, the beginning of the line from which the dividend 
is chosen will be in the Jirst place of decimals ; if it have 
tico more, in the •>ecowl place of decimals, if three moie, 
m the rtir?placi, of decimals, md fco on Thus, divile 

4by S, lhatisi=' Under i of A in the SLConi dnisiDn 

jiaoe S of B denominator under numerator as m \ulgar 
fraction'!, then o\er the beginning of B is 5 For the 
divisor containing only as many figures as the dividend, 
the beginning of the second divi'^ion of A will be 1, ind 
the qiotient filhng in the first division, it will be D 

Divide 4 by ^0, th.tis— =^ Let the slide remjn; 

here, the d \isor confaining cue more figure than the divi- 
dend, the beginning tf the second division will be in the 
p.rst plaee of decimals, that is 1, consequently the quo- 
tient will be 00 

Dnide4lj SOO, thitis^^' Let the shle stand; 

here, the divisor containing ti o more figures than the 
dividend, the beginning of the second division will be in 
the second place of decimals, that is 01, consequently the 
quotient will he .005, 
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The numbers on C being the si^uares of those on D, if 
the beginning of D is 10, that of will be 100. 

Divide hj 40, 3 times 8 stiuarad, that is ~^— ^f To 

40 on A set S of B, over S of D is 4.8. Here, 40 con- 
tainiog one more figure than the 3, the 3 becomes .3, 
conscquenfly the result, fjlliug in the next division, will 
be 4.8. 

Divide by 40, 3 timea HO squared, that is ■ , — = ? 

Let the slide remain ; here the 3 becomes .3 as before, 
but the commencement of D being reckoned as 10, the 
numbers on C are increased 100 times, and therefore the 
.3 becomes 100 times .3 or 30 ; hence the result, falling 
in the next division, will be 480. 

To divide by decimals, add as many ciphers to the di- 
vidend as the first effective figure is removed from th» 

decimal point; thus -s=^? To lOof Aplace .2of B; the 

2 is in the^/s/ place of decimals, therefore add one cipher 
to the 10 and it becomes 100. Look back to the begin- 
ning of the slide, and over it is 50. 

What is the value oi -wi? To 16 of A set 4 of B ; the 
4 being the second place of decimals, add ftco ciphers, and 
we have 1600 for the value of the 16. Look back to the 
beginning of the slide, over which is 400. 

Find the value of ^-^- ■ To 8 on A set 3 of B, over 
40 of D is 60,000. Here the 8 of .08 being the secowl 
place of decimals, add two ciphers, and the 3 becomes 300, 
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(3 with two ciphers.) Again, the beginning of D being 
10, the numbers on become increased by 10', or 100, ?o 
that two more ciphers Lave to be added, and the 3 becomes 
3 with four ciphers, that is 30,000 ; consequently the re- 
sult falling more to the right will be 60,000, 

riud tlie vulud of ■^ ■ --- , that is, divide by 00', 

7 times 40=. To 60 of D set 7 of C, over 40 is 3.111. 
Here 60 and 40, the two numbers selected on 1), having 
each the same number of figures, the result falling on C 
will contain the same number of integers as the 7 ; hence 
the quotient is 3.111. 

Divide by 60', 7 times 4', that is — v— — = ? Let the 
■' ' 60* 

slide stand as before. Here the 4 of the D lino contain- 
ing one figure less than the 60, the aqaare of it will con- 
tain tier/ figures less, consequently the 7 over the 60 is 
reduced to the second place of decimals, and becomes .07; 
bence the result will be .03111. 

Divide by 20=, 70 times 50. Over 20 on D set 70 of 
the slide, and looli under 50 of A. Here, the oommenoe- 
Dient of the D line being 10, tho beginning of the A line 
would be 100 ; but if we select 50 from the first division 
of A, we reduco it one-tenth, and the 70 becomes 7 ; con- 
Bequently the number under 50 of A b 8.75. 

These exercises, if carefully attended to, will be amply 
sufEcieot to enable the student to value all quantities 
correctly. 

A very common operation on the slide-rule is to find a 
mean proportional between two numbers, that is, to cs- 
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tract the square root of their product. Let the two num- 
bers be 4 and 9, Multiply 4 hy 0, and take the root; 
that is, to 4 of A set commence men t of slide, under 9 ia 
6. As the slide stands, it necessarily follows that 4 of 
the slide is over 4 of D, since 4 is the square root of 4 
times 4 ; hence, in finding the mean proportional between 
two numbers, it may be effected with the C and D lines 
only, by setting one of the numbers over itself, and look- 
ing under the other. Thus, what is the mein proportional 
between 3 and 12 ? Set 3 3 th under 12 is 6. 

The object intended to be mpl h d by finding this 
mean proportional, is to redu p 11 1 ms to squares, 
and ellipses to circles ; a s j wh 1 is 6 inches 

being equal to a parallclog m 12 h by 3, and an 
ellipse, whose ases are 12 and j, equal to a circle whose 
diameter is 6. 

As we shall have occasion hereafter tu introduce varioua 
formulte for solids, it will be necessary for the learner to 
study the following operations ; — 

Find the value of - '^ '^ ^^\ Xow, this is equal to 

— ,;^ 1 jp — ■ Increforo it must be effected by 

obtaining the quotients separately, and then adding them 
together. Hence, over the 6 of D set 8 of the slide, 

Over 3 is 2. 
Over 5 is 5.55 
^55 
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Find tlie value of 


. 40 (24' + 2 X 320 
33' 


Over 33 of D 


t 40, then- 










Over 24 is 

Over 32 is 

Ditto 


,21.2 
,37.6 
37.6 
~9a4 




Find tlie value of 


40 {24' + 


32= + 59.2 
4(j' 


--*. Over 46 of 


■ set 40, then— 


Over 24 h 

32 1! 

59.2 if 


i 10.9 
i 19.35 
i 66.2 





96,45 

Tt sometimea happens that we require to multiply three 
numhers together. This cannot be done by the kind of 
rule we have been considering in one operatioc, but it 
may be effected by dividing by the reciprocal of one of the 
numbers. Thus, let it be required to find tie product of 

4X7X8. The reciprocal of 4 is ^ = 25; hence we 
have f<i divide by .25, 7 times 8. To .25 on A set 7 of 
the slide, under 8 on A is 224. By inverting the slide, 
and pushing it evenly in, that ia, nntil the end is under 
the beginning of A, it will be seen that the numbers on B 
are the reciprocals of the corresponding ones on A ; henc« 
if instead of the D line, a line similar to A were laid down 
under the slide, in an inverted position, it wonld furnisb a 
series of reciprocals, and then three numbers might at once 
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be multiplied together, by taking one of ihem on this in- 
yerfed line, one on the slide, and the third on the A line, 
under which would be the product. Moreover, if, instead 
of laying it down so as to make the commencement of it 
fail under the end of Iho slide, it were drawn out toward 
the right hand till some other number than uiiiti/ stood 
under the end of tbe A line, then the product of the three 
numbers would be divided by this constant number. For 
instance, suppose we wished to divide by 2, 7 times 

8 times 6 ; that is, to find the -value of ■ ■ » - Let 
the inverted line be placed so that the 2 shall fall under 
the end of the A line ; then over the 7 of this inverted 
line place 8 of the slide, and 'under the 6 of A will be 168. 
Hence, if a person pursued an occupation in which hia 
caleulationa required to be divided by a con!,tant number, 
he might have a rule constructed to suit himself for that 
particular number. A few such rules are in use. The 
officers of tbe customs have frequently to measure pieces 
of timber, the length of which is taken in feet, and the 
breadth and thickness in inches. Now, multiplying these 
three dimensions together, and dividing by 144, gives the 
solidity in cubic feet. Hence, let the A, B, and C lines be 
laid down as usual, and instead of D substitute an inverted 
A line, so placed that 144 shall fall under the end of the 
slide. Then, if a piece of timber measures 55 feet long, 
24 inches broad, and 9 thick ; under 55 of A place 24 of 
the slide, and over 9 of the inverted line is 82 J cubic feet, 
the content. In malt gauging again, the number of cubic 
inches in a bushel is 2218.19. Hence, taking the di- 
mensions in inches, let the inverted line be so placed that 
the number 2218.19 shall fall under the end of the slide; 
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then if a cistarn of malt measures SO inches long, 10 
broad, and 12 deep ; to 30 on A sat 16 of the slide, and 
over 12 of the inverted line is 2.6 nearly, the content in 
bushels. If we wish to ohtain the result in gallons, (as 
8 gallons make a bushel,) take 8 times ono of the dimen- 
sions: for instance, to 240 on A set 16 of the slide, and 
over 12 of the inverted line is 20.78 gallons. 

In practice these rules are of the utmost convenience 
possible, and the principle might be carried out witli ad- 
vantage to a much greater extent than it jet has been. 



There are three kinds of measure — lineal, superficial, 
and solid: lineal, for aucb things as have length only; 
superficial, for those that have length and breadth ; and 
solid, where there are length, breadth, and thickness. 
When lines vary proportionally they vary simply as their 
measures ; when surfiurfs vary proportionally they vary as 
the squares of their like measures ; and when mlids vary 
proportionally they vary as the cuhes of their like measures. 
Thus, let there be two similar funnels, or cones, A and E ; 
and let A be filled with water to the depth of 1 foot, and 
E to the depth of 2 feet; then the circumference of the 
top of the water in B will be twice that of A, both being 
lines; the area of the top of the water in B will be 4 
times that of A, or 2", both being mirfaces: and the 
iceight or quantity of the water in B will he 8 times that 
of A, or 2', both being solUh : and so of all surfaces and 
solids that vary proportionally. 

If a number of regular polygons have equal perimeters, 
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^at contaiDS the greatest amount of surface in which the 
perimeter is distributed among the greatest number of 
sides; and, as a circle may be conceived to be a polygon 
of an hifinile number of sides, it therefore contains the 
greatest quantity of space wjthin the shortest bounding 



A regular polygon contains more than an irregular 
polygon of the same number of sides, their perimetera 
being equal ; thus, an equilateral triangle has a greater 
area than any other triangle of equal ambit ; and a square 
is the largest quadrikteral that can be constructed with 
sections of the same line. 

In the same way as the circle contains the largest snr- 
face within the least compass, so the sphere contains the 
greatest bulk within the smallest space. 



RATIOS AND GAUGE POINTS. 

At the back of the rule will be found a quantity of 
tabular work, adipted to various kinds of calculation : 
these consist of ratios and gaugo pointa Eitios express 
the proportioni esisting between certain lineo, or num- 
bers; thus, if the diameter of a ciicle be 113, its circum- 
ference will be 355, and, as the cir:,umfirence varies aa 
the diameter, therefore 113 : 355 expresses the ratio of 
the diameter of any circle to its eifcumference. Gauge 
points are the square roots of divi.sors ; thus, if we require 
to reduce square inches to square feet, we must divide by 
144, which number may be chosen on A; if instead of 
this we divide by 12', we take 12 upon the D line, and, 
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for the sake of diatinctioD, 12 is called a gauge point. In 
rules having the D line commencing with nnity, when the 
slide is sot to any gauge point, it is also set to the cor- 
responding divisor, the one standing under the slide, the 
other above it; and therefore, with such rules, it would 
be immaterial whether we used divisors or gauge points ; 
as however, the formula for many surfaces, and almost all 
solids, require the use of the T> line, it is far more conve- 
nient for valuing the numbers, to make use of gauge- 
points, and therefore the tabular work is so constructed. 



Table I, contains a list of ratios belonging to the 
circle, commencing — 



113 diameter = 355 circumference, 
44 diameter =; 39 aide of equal square. 

That is, under 113 on A set 355 on B, then the num- 
bers on A will be a series of diameters, and the numbers 
beneath them on B will be their corresponding circumfe- 
rences ; and so of all the rest. 



1. If the diameter of a circle is 8 inches, what is its 
circumference ? Set the rule as directed, then under 8 is 
25.13 inches. 

2. The diameter of a circle is 9 inches, what is the side 
of an equal square ? Under 44 of A set 39 of B; under 
9 is 7.97 inches. 
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3. The radius of o, circle is 6 inches, wtat is the length 
of an arc of it containing SI i degrees? Under 57.3 de- 
grees on A set 6 inches oa B; under 31 J degrees on A 
is 3.3 inches. 

4. The eircumferoDce of a circle is 75, what is the di- 
ameter?— Ans. 23.87. 

5. The diameter is 7, what is the circumference ?— Ads. 
22 nearly. 

6. The diameter is 17, what is the circumference ?— • 
Ans. 53.4. 

7. Suppose the diameter of the earth to he 7960 miles, 
what is its circumference ? — Ans. 25,000 miles. 

8. The diameter of a circle is 6 inches, what ia the side 
of a square inscribed within it?— Ans. 4.2-1. 

9. The circumference of a circle is 12 feet, what is the 
side of an equal square? — Ana. 3.38. 

10. The circumference of a circle is 15 inches, what iff 
the side of its inscribed square ?— Ans. 3.375. 

11. The side of a square is 10 inches, what is the 
diameter of an equal circle? — Ans. 11,28. 

12. The side of a square is 20 yards, what is the cir- 
cumference of an equal circle? — Ans. 70.83. 

13. The side of a square is 19 inches, what is the side 
of an equal equilateral triangle ? — Ans. 28-88. 

14. The area of a circle is 27, what is the area of a 
square iuscrihod ia it? — Ans. 17.18. 
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15. An arc of S8 degrees measures 5 inches, what is 
the radius of tlic circle of which it is a part ? — Ana. 7.56. 



16. I have a circular piece of wood, whose d 
15 inches, and wish to cut the largest sfinare out of it; 
what will be the length of each side ? — Abs. 10.6 inches. 

The method of obtaining these ratios in whole numbers 
is a beautiful ezemplification of the abridgment of labour 
effected bj the slide-rule ; and of performing, with the 
utmost facility, operations that would require considerable 
tiroo and trouble by any other means. Archimedes dis- 
covered that the .ratio of 7 to 22 nearly expressed that of 
the diameter of a circle to its circumference. Purbachius, 
in the fifteenth century, making the diameter 120, reck- 
oned the ciicumference at 377. Melius, two centuries 
later, subtracted the 7 and 22 from the 120 and 377, and 
obtained the numbers 113 and 355. This last ratio 
is easily reuiembered, from its containing the first three 
odd numbers in pairs, and it is remarkably accurate, the 
quotient of 855 by 113 being true to the sixth place of 
decimals. The obtaining of these ratios in integfrs, how- 
ever, must have been a task of considerable labour. To 
determine them by the slide-rule is the work of a moment. 
By various modes of computation it may be shown that if 
the diameter be 1, the circumference will be nearly 
3.1416 ; therefore, under 1 of A set 3.U16, as nearly as 
possible, and run the eye along until you find two num- 
bers coinciding ; such will be lia and 355, which will 
be the ratio required. The advantage of having the ratios 
in whole numbers, for the purposes of the slide-rule, is 
obvious, as they can be set with greater rapidity and 
exactness than decimals. 
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The following table will onnble the student to solve the pre- 
vious questions uumeriojxli;^' : — 
Diameter 1, circumfercnco 3.1416. 

side of equal squnre, .8302. 

Bide of ioseiilied square .7071. 

Circumfei'eD«e 1, did.iiieter .8183. 

aideof equal square .2821. 

sideofiuBcribed square .3251. 

Side of square], diameter of equal circle 1.123. 

circumference of equal circle 3.545. 

side of equal equilateral triangle 1.5189, 

Area of circle 1, area of inacrilied square ,636G. 

Area of square 1, area of ioseribed circle .7854. 

area of inscribed octagon .8284. 

The length of an arc of 57.2957795 degreeg = radius of circle. 



Solutii 






4.242(1. 



Table II. contains the Linear Dimensions of Polygons 
described within and without Circles, and conimencea 



1 Inscribed Polygon. 


Cirouaisoribed 

Polygon. 1 


Sides. 1 A. i B. 
Diam. ; Side. 


A. 
Dliim. 


B. 

Side. 


3 1 IS 13 

4 1 9,i) 1 7 


15 


26 



That 13, if the diameter of a circle be 15, the side of an 
equilateral triangle inscribed wilhin it will be 13 : hence, 
under 15 of A set 13 of B ; then the numbers on A will 
be a series of diameters, and the numbers beneath them 
on B will be the sides of the corresponding triangles ; and 
go of the rest. The method of obtaining them is first 
by coaiputalioD, and then as for the ratios before 
described. 
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EXAMPLES, 

17. Tlie diameter of a circle is 12 inches, what will be 
the side of an equilateral triangle inscriheii therein? — 
Under 15 of A eet 13 of B; under 12 of A ia 10.4 
inches. 

18. The diameter of a circle is 11} inelies, what is the 
sideof a regular pentagon inscrihed within it ? — Ans. 6.76. 

19. A circle whose diameter is 9i inches has a regular 
hesagon surrounding it, what is the length of each side ? 
—Ans. 5.33. 

20. A person haying a circular piece of ground 37 
yards in diameter, wishes to make within it a flower-hed 
of a heptagonal form, whose area shall be a aiasimum ; 
what will he the length of each side ? — Ans. 16. 

21. If I make the diameter of a circle a parallel dis- 
tance on the line L of the sector from 100 to 100, what 
parallel distance must I take off as the side of an tindcca- 
gon inscrihable therein ?— Ana. 28.1. 

The following table will enable the student to solve the pre- 
ceding questions numerically. 
The diameter of the circle being unity, 



No. of 


Side of Inscribed 


Side of Circumscribed 




Polygon. 


Polygon. 


3 


.8660254 


1.7320508 


4 


.7071068 


l.OOOOOOO 


5 


.5877853 


.72Ei5425 




.5000000 


.6773503 


7 


.4338837 


.4816745 


8 


.8826834 


.4142136 


9 


.3420201 


.3639702 


10 


.3030170 


.3249197 


11 


.2817325 


.2936264 


12 


.2588100 


.2079492 
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Table III. contains the Areas of Polygons, eommeno- 
ing thus :— 



No. of 
Sides. 


C. 
Area, 


D. 


6 


8.0 
43 


3 
5 



That is, if 3 be the side of an equilateral triangle, its area 
■will be 3.9, and, as similar surfaces vary as the squares 
of their like measures, if over 3 of D we set 3.9 on C, 
then the numbers on D will be a series of sides, and the 
numbers over them on C their oorrcsponding areas. 

EXAMPLES. 

22. The side of an equilateral triangle is 2, what is its 
area ? Over 3 of D set 3.9 on C j over 2 of D is 1.732, 
the area required. 

23. Required the area of a regular nonagon having a 
Bide of 7.3 yaids.— Ana. 329 yds. 

24. What is the area of an undecagon whose side 
measures 6.4 feet ? — Ans. 383.6 feet. 

25. The side of an octagon is 4.9 feet, what is its area ? 
— Ans. 116 nearly. 

The side being given in inches, to find the area in square 
feet, take 12 times the number on J), for the number of 
inches in a square foot is 12'. 

EXAMPLES. 

26. The side of an equilateral triangle is 19 inches, 
how many square feet does it contain ?^Over 36 of D 
set 3.9 of C ; over 19 of D is 1,086 feet. 
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27. The side of a regular pentagon ia 53 inches, how 
many square feet docs it contain ? — Acs. 33,55. 

28. What is the area of a nonagon, each of whose sides 
measures 27 inches? — Ans. 31.29. 

The side heing given in feet, to find the area in square 
yards, take 3 times the number on D, for the number of 
feet in a square yard is 3". 

EXAMPLES. 

29. The side of a regular pentagon is 7 feet, how many 
square yards does it contain ? — Over 15 of D set 43 of C; 
over 7 of D is 9.36 yards. 

80. What is the area of a heptagon whose side measures 
17 feet?— Ans. 116.7 yards. 

31. A decagon measures 20.2 feet along each side, 
what is the area?— Ans. 348.8 yds. 

TJie foUowiDg table will enable the student to Eolve the pre- 
ceding queatjons numerieaUy. Multiply tlie subjoined numbers 
by the square of tlic aide. 



Equilateral Tiiangle 


4330127 


Pentagon 


1 7201774 


Heiagon 


2 5980762 


Heptagon 


S 6839124 


Octagon 


4 828i272 


^onagon 


6 1818242 


Decagon 


7 69420S8 


Undecagon 


9 a66b4U 


Dodecagon 


11 1961524 


.unof Question 22.— ■■ 


4S301C7 X £5 = 1.73: 
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FALLING BODIES. 

Table IT. is of a, miscellaneous nature, and will be 
understood bj inspection. It is found that a heaTj body, 
in the latitude of London, falls 579 feet, or 193 jards in 
6 seconds ; and the spaces descended bj falling are as the 
squares of the times ; hence, as directed by the table, over 
6 seconds on D set 579 feet on C, (or 193 yards, if the 
distance be required in yards,) then the numbers on C 
will be a series of distances fallen, and the numbers be- 
neath them on D the seconds elapW ia falling. The 
same law applies to bodies projected directly upwards, the 
retardation corresponding with (he acfoleration in an 



32. How many feet will a body fall in 1 second ?— 
Over 6 of D set 579 on C; over 1 of D is IG^j feet. 

33. If a ball is propelled straight upwards, and is found 
to be 18 seconds before it again falls to the earth, how 
many yards has it ranged ?— 9 seconds occupied in ascend- 
ing, 9 in descending ; over 6 of D set 193 on C ; over 9 
is 434 yards. 

34. Standing at the mouth of a well, which, by means 
of reflecting the sun's rays into it with a mirror, I per- 
ceived to he of considerable depth, I dropped a stone into 
it, and found it reached the water in 3i seconds; what 
was its depth ? — Ans. 197 feet. 

35. How long would a cannon-ball, fired perpendicu- 
larly upVards, he in rising a mile, if it went no higher? — 
Ans. 18.12 seconds. 
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A pendulum 22 inches long, as shown by the table, 
mates 80 Yibration's, or 40 r«\olutiona per minute, and 
their lengths vary recipro ally a^ the squares of their 
times, their velocity being regulated bj the force of 
gravity, like thit of filling bodies Hence, invert the 
ihji., anl =.a 22 smho" on D over 80 vibrations or 40 
revolutions on B ; then the numbers on the inverted line 
will be a series of lengths, and the numbers beneath them 
on D the corresponding number of vibrations or revolu- 

EXAMPt.i:^. 
3G. IVhat is the length of a pendulum vibrating 60 
times per minute ? — Over 60 is 39.2 inches. 

37. What is the length of a pendulum vibrating 64 
times per minute? — Ans. 34.4 inches. 

38. What is the length of a pendulum making 29 re- 
volutions per minute? — Ans. 42 inches. 









EXPERIMENT. 






Suspend from a 
bullet at the end; 
as to cause it to re 


hook in the ceilii 
set it vibrating, or 
ivolve, and compare 


Dg a string ■ 
swing it ro 
its motions 



The next part of the tabular work relates to the areas 
of circles and surfaces of spheres, and is as follows : — 
Circle 43 area C = 7.4 diameter D. 

23 area C ^ 17 eiroumferflnoe D. 
Sphere 172 surface C = 7.4 diameter D. 
92 surface C = 17 circumferenoe. 
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The student will perceive from th tl at tlio surface of 
a sphere is 4 times the area f a c r le ot eq dl d ameter 
That is, if aa orange were perf c ly round anl c t nio 
two equal parts, then the external surface of the r nd a 
each half would be just double tl e surface of the part cut 
by the knife. Similar surfaces varying as the 80[uares of 
their like measures, the dimensions being taken on D the 
areas will be on C. 

EXAMrLES. 

39. The diameter of a circle is 5 inches, what is its 
area?— Over 7.4 of D set 43 of 0; over 5 is 19.63 square 
inctes. 

40. What is the area of a circle whose ciroumferenoe is 
12 inches? — Aus. 11,46 inches. 

41. The circumference of a sphere is 12 inches, what 
is the surface? — Aus. 45.8 square inches. 

If the dimensions aro given in inches and the area is 
required in feet, take 12 times the number on D; and if 
the dimensions are in feet, and the area is required in 
square yards, take 3 times the number on D. 

EXAMPLES. 

42. The diameter of a circle is 19 inches, what is its 
area in square feet? 12 times 7.4 ^: 88.8 j over 88,8 on 
D set 43 on C ; over 19 is 1.97 square feet. 

43. The circumference of a circle is 43 inches, Low 
many square feet does it contain? — Ans. 1.021 square 
feet. 

44. The diameter of a sphere is 17 feet; what is its 
Burfac« in square yards? — Ana. 100,8 square yards. 



,Google 



122 A TREATISE ON A BOX OP 

The next part of the table is— 

1 C = side of equore or cube D. 

2 C =: diagonal of square or diameter of ci renin scribing 

circle D. 

3 C = diagonal of cube or diameter of eiromneeribing 

spliere D. 
That is, set 1 of C over the side of a given square on D, 
thea under 2 of C will lie its diagonal, or the diameter of 
g circle. 



45. A circle 12 iDohcs in diameter has a square in- 
scribed within it, what is the length of eaoii side? — Over 
12 of D set 2 of C; under 1 of C is 8.48 inches. 

46. A cube measures 7 inches along the side, what will 
be the diagonal of the face, and what of the cube? — 

Ans. 9.9 diagonal of the face. 
12.12 diagona! of the cube. 

47. What is the longest line that can be taken in a 
cubical box whose sides measure 19.4 feet? — Ana. 3B.6 



48. A square inscribed in a circle measures 43 inoheSr 
what is the diameter of the circle? — Ana. 60.8 inches. 

49. The diameter of a sphere is 26.7 inches; what will 
be the side of the largest cube that can bo cut from it? — 
Ans. 15.41. 

60, Standing within a cubical room I found that the 
distance from one of the top corners to the opposite cor- 
ner at bottom was 23.3 feet; what was the distance of 
the ceiling from the floor? — Ana. 13.45 feet. 
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VELOCITY OF SOUND. 

The flight of sound is uniformly proportional to tlie 
time; hence use the A and B lines as directed lu tliu 
table. 



51. I ohserved the flash of a gun 12 seconds heforo 
hearing the report; how far was it distant from me?i— 
To 65 seconds on A set 14 miles on B; under 12 of A is 
2.59 miles on B. 

52. I observed a flash of lightning, and 7 seconds after- 
wards heard the thunder ; how far distant was the electric 
cloud? — Ans. Ij mile. 

53. A person standing on the bank of a river, heard 
the echo of his voice reficcted from a rock on the opposite 
bank in 5 seconds after; what was the breadth of the 
river T — Ans. 950 yards. 

The snlyoiiied table will enable tie student t^a solve tUe ques- 
Uona by computation : — 

A body falls 16j'f feet in the first eecond. 
A pendulnm vibrating secocds in the latitude of London, is 

39.13fle inches. 
In a pentluliini deseribing a conical surface, lie time of revo- 
lution is equal to the time of two oaoillations of a simple pen- 
dulum, equal tj) the height of the oone: that is, a pendulum 
takes the same time in going half round a circle as it does in 
falling across it. 
Putting d diameter, c circumference, 

Area of Circle = .7854 d' or .07958 c'. 
Surface of Sphere = 3.1416 d' or .31832 o'. 
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Puttiag s side of square ov cube, then diagonal of square, or 

diameter of circumacribing circle = j ^ 2 == a X 1.4142136. 

Diagonal of cube, or diameter of ciroum scribing 

spliere =>^>i =sy, 1.7320508. 

Sound fiies about 3K0 jards per second. 

Solution of Question 33. lej's x 9" = 1302f feet = 43*1 jarda. 



SURFACES. 
We now come to Table 5, whicli consists of a numljec 
of gauge points for the mensuration of surfaces, quadri- 
laterals, triangles, parabolas, oirolea, ojcloida, and ellipses; 
and the surfaces of prisms, cylinders, pyramids, cones, and 
spheres. The area of a rectangle is equal to the product 
of the length and breadth. The area of a trapezoid is 
found by multtplyiog half the sum of the parallel sides by 
the perpendicular distance between them. A triangle is 
half a rectangle, and therefnre its area is half the product 
of the height and bise * The areas of trapeziums and 
multilateral 9 are found by dmding them into triangles. 
A piribola 13 equal to i of its circumscribing parallelo- 

* ff ft qnadriloteral Ban be inaoribed in a circle, its area 
nill be, (putting s semiperimeteF, and a, b, c, d, tlie sides,) = 

Vj „. s^^. I c. a d. ^^ 0"^ of the sides, as d, ia supposed to 

vanish, the figaremerges into a triangle, and tile formula becomes 
■y^Hi. ^ir^T^^TZ ^^'ft '^. fO'' ^^^ quadrilatera!, from half 
the sum of the four aides subtract each side separately; multi- 
ply the four remainders together; the square root will be the 
area. Per the triangle, from half the sum of the three aides 
subtract each side separately; multiply the three remainders 
and the Iialf sum together; the ariaare root will be the area. 
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gram, and therefore its area is found fcj taking f of t!ie 
product of the height and base. A circle may be con- 
ceived to be a polygon of an infinite uumber of sides. 
Now, a polygon is made up of as many triangles as the 
figure has sides, and the area of eaolT triangle is found by 
taking the jroduct cf tbo be ght and half the base; there- 
fore the area of the wlitlt \ hg n will he equal to the 
perpend Lular multipliel l:j half the perimeter; this, 
when tbi, fi^'uie merges into a circle, becomes the radius 
multiplied by halt the ciicumfLittnei, ; or, which is equiva- 
lent the diameter multiplied 1 y i of the circumference. 
Now, when the diameter is 1 tb circumference ia 3.1416, 
hence 1 V 7*^'i4 ;= the area ff a circle whose diameter 
la un ty And sini-e timiiar surfaces are to each other as 
the B p'jres of tbe r like dimi-niji ns the area of any circle 
will be equal to the square of its diameler multiplied by 
"^54 Thp ar a of the aeotor of a circle, in like manner, 
will be fL d m g h b h 

of the arc T d 3 h 

generating Frahmhdd dnpg 

12, of pr h p b 

that the a w b p p h g 

is, equal ii d 854 

The sides p ram 

the perim h p d 

» To find the length of the arc, fi-om 8 timaa the chord of 4 
the arc subtract the chord of (he ivhole arc, and divide bj 3 ; 
the quotient is the lengtii, nearly. 

To find the length of the chord of i tlie arc, add together the 
square of the versed sine, or height of the segment, and the 
Bquare of J the chord ; the square root ia the length of the 
chard of J the arc. 
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the perimeter and he f,ht The si e rule ippl ea tn the 
ojlnlerwich aarouulpr n The dea of j. pjvam d 
be ng tr angle the aret of eael of wh h s found by 
mult p J ng } the ha e by the h ght the si p ng surface 
w 11 he f anl by mult j I ag tie per mete by the 
si nt lie ght The same w I 1 e the Cise w h the cone 
wh h s a, round [jraa d The u face ot i phere s 
equal to the convex lurface of a c rcumser b ng oyl nder 
wh h surface as abov shown s equal to the o roum 
ferenoe mul jl ed ly tl e d pth that a n th s ease the 
c roumf renoe mu jled ly the iantcr The same 
holds golf the aurta e of any part of the sphere it 
st 11 be ng e [ il to he surfac of th correspond ng paral 
lei sect on of the c_ 1 nler 

We may now refer to Table 5, at the back of the rule, 
the gauge pointa of which are determined as follows. To 
reduce square inches to square feet, we divide by 144, 
and i/ 144 = 12, the gauge point for squares; 144 h- 
.7854 = 183.3462, and y' 183.3462 ^ 13.54 the gauge 
point for circles, when the dimensions are taken in inches, 
and the area is required in square feet; and so of the 
rest. Putting s side, b base,^ perimeter, h perpendicular 
height, H slant height, d diameter, c conjugate axis, ( 
transverse; then 



Surface of prism ) ph Surface of pjra- ) ipff 

and oylinder i square, mid and cone ) square. 
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1'^' Ci 

Area of circle =^~-. — -, — Ellipse = - . - , — 

circle. ' circle. 

Area of cvcloiii === -. -^ Surface of sphere = — ;— 
circle. '^ circle. 

Surface of spherical zone = — — 
circle. 

That is, to ohtain the area of a square, over the square 
gauge point on D, h d hen h d n 

D ia the area; ft h p g ni h 

gauge point on D, st t b ii unJ h h gh a 
A ia the area ; or fid ni pp bwnh 

base ond height, th n h n D 

set 1, and over thmn p Dwbii 

area ; for the paraK h fe g P D 

set S of the baae, th d hhhnA h 

for the surface of ph , h g ^n PO '*'' 

on J) set 4 of the alide, then over the diameter on D is the 
surface; and ao of the rest. 

EXAMTLES, 

64. The diameter of a circle is 17 inches; how many 
square feet does it contain? — Over 13.54 on D sot 1 of 
the slide, over 17 is 1.576 feet. 

55. The base or double ordinate of a parabola ia 39 
inches, the height or absciss 11.1 inches; what is the 
area in feet ?— I of 39 = 26. Over 12 of D set 26 of 
the slide, under 11.1 of A ia 2 feet. 

56. The diameters of an ellipse are 20 and 17 feet; 
what is the area in square yards? — 0-ver 3.385 on D sot 
20 on the slide, under 17 on A ia 29.67 yards; or, to 17 
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ofD set 17 ofthe slide, under 20 is 18.44, the mean pro- 
portional: then, over 3.385 on D sot 1, over 18.44 is 
29.67, as before. 

57. The side of a square measures 17 inoLes; required 
the area in square feet. — Ans. 2 square foot. 

58. As a wheel, 5 feet in diameter, is rolled along by 
the side of a, wall, a nail, bent sidowajs over the tire, 
scratches it, and marks out a succesaioa of curves, termed 
cycloids; what is the area of each in square yards? — 
Ans. 6.5i5 yards. 

59. A circular field measures 283 yards in diameter; 
how many acres docs it contain 1 — Ans. 13 acres nearly. 

60. A globe is 7 feet in diameter; what is the extent 
of its surface in sijuaro yards? — Ans. 17.1. 

61. A piece of land measures 95 links by 74 ; how many 
square perches does it contain ?— Ans. 11.24. 

62. How many square yards of canvas will be required 
to construct a conical tent, 57 feet round the bottom, the 
slant height of which is to be 22 feet?— Ans. 69.7. 

63. Required the surface, in square feet, of a pentago- 
nal prism, the length 168 inches, and each side of the 
base 33 inches. — Ans. 192.5. 

64. How many square yards are contained in a para- 
bola, of which the base is 126, and the height 210 inches? 
—Ans. 13.6. 

The following Table of Divisors will enable the student 
to solve the preceding questions numerieally. The same 
formulae apply. 
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m....,...,. 




Sauave. 


Ci«>e. 




Sq. Inches 

Feet 

Yurds 

Yards 

Rods 

Perches.... 
Pcrclioa.... 
Acres 


1 
144 
1296 

372.25 
625 

30.25 
4810 

10 


1.2732 
183.34(52 
1650.11 64 
11.4591 
346.639 
795.7737 
88.5154 
6162.4719 
12,73:23 













Solution of Q 



.n58:- 






The following is not adapted for the alide-tule ; but as 
it is an excellent method, and requisite to complete the 
mensuration of surfaces, it is accordingly inserted. 

To find the areas of plain figures by an odd number of 
equidistant ordinatcs. 



•■ 



Find tlie centre of the figure w, and draw the diameters 
Mp, dd. On each side of w set off any equal distances 
ws, sv, Tio, wr, rt, l,m, as often as may be deemed necessary, 
and through the points m, t, r, &o., draw the ordinates aa, 
hh, cc, &C.J and measure their lengths; also the distance 
nm, or op, which are equal to each other. 

Place in a line the letters* 4e 2o 

(Contractions for the words, eitreme, four times even, twice odd.) 

Set the first ordinate, aa, nnder x^ the second, hh, un- 
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derie; the third, cc, under 2 o; the fourth under 4 e; 
the fifth under 2o; the skth under 4 e; and so on, alter- 
nately, to the last, which set under x. Add up the throe 
columns separately. 

Multiply the one under 4 e hy 4 ; and the one under 
2 o hy 2. 

Add the three together, and multiply hy the common 
distance xvs. 

For the end areas multiply the sum of the extreme 
ordicates, standing under x, hy twice the height nni ; that 
is, the sum of the hases hy the sum of the heights. 

Add this product to the other, and divide by 3, gives 
the area, 

EXAMPLE. 

65. In a curvilinear figure, 7 ordinates were taken in the 
following order, 20, 32, 38, 41, 39, 33, 22; the eommoa 
distance Kjs was 8; the distance nm 3 : required the area — 
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The greater the niimbor of ordinates takeD, the more 
correct will be the area found ; and when the curve ana 
is ahrupt, the distance nm should be small. If the curve 
taper gradually the distance nm may be taken equal to 
mt, and then the estrcme ordinates will be 0. The num- 
ber of ordinates must always bo odd. Beginning with 
one in the middle insures this. 

66. In a curvilinear figure 5 ordinates were taken, 70, 
79, 80, 78.6, 69 ; their common distance was 24 ; the 
height of each of the end areas 8 : req^uired the area. — 
Ans. 8176.53. 

67. In a triangle the ordinates were 0, 2, 4, 6, 8 ; the 
common distance 3 ; required the area. — ^Ans. 48. 

68. The ordinates in a triangle are 0, 3, % 9, 12, 9, 6, 
3, 0; the common distance is 4; what is the area? — 
Ans. 192, 



SOLIDS. 
The nest part on the Slide Rule is Table 6, which 
consists of a number of gauge-points for the mensuration 
of Solids. The content of a prism, or cylinder, is found 
by multiplying the area of the base by tho height. Pyra- 
mids and cones are i of their circumscribing prisms and 
cyliuders, and therefore their content will be equal to the pro- 
duct of the jrea of fie base, and ^ of their height. - A globe 
is i of its circumscribing cylinder, and therefore its content 
is equal to the area of one of its great circles multiplied by 
I of its diameter. The number of cubic inches in a gallon, 
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ia 277.274 ; tence, if the dimensions of a aquiire prism are 
taken in inotes, and the content ia required in gallons, it 
will he (putting I tie length, and s the side of the prism) 

277~27T ^^^ ^ 277.274 = 16.65, the gauge point for 
square prisms. Since the pyramid is J of the prism, we 
may multiply by the vikole height, and divide by three 

tinies 277.274: that is, the content will be v.n. g^^ - and 
^/ 831.822 = 28.84, the gauge-point for squaro pyramids. 
A gallon of water weighs exactly 10 lbs.; .-. 1 lb. occupies 
27,7274 cubic inches; dividing this by the specific gravity 
of any raetal, and taking the square root of the quotient, 
gives the gauge point for such metal. The gauge points 
for polygonal prisms are obtained by dividing the number 
of cubic inches in a gallon by the polygonal numbers given 
at page 118, and taking the square root. In treating of 
surfaces, it was seen that the area of a circle, inscribed in 
a square whose side is unity, is .7854. Now, 277.274 -4- 
.7854 = 353.0353; consequently, the dimensions being 
taken in inches, as before, the content of a cylinder will be 

(putting I length and if diameter) a^ : . and -[/ 353.0353 

:^ 18.78, the gauge point for cylinders. In the same way 
as the pyramid was determined by taking 3 times the 
prismatic divisor, so the content of the cone will be found 
bytakingS times the cylindrical divisor; and 3 X §53.0353 

Id" 
= 1069.106; consequently, content ^^ 1059 I0(i ' ^"'^ 

1/ 1059.106 = 32.54 the conical gauge point. " The globe, 
being S of the cylinder, will be twice the cone; hence the 
divisor will be the half of 1059.106, namely, 529.553 ; 
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therefore, putting d the diameter, the content of the globe 

dd'^ 
will be ^2 9 553 ^"^ l-^ 529.553 ^ 23, the gauge point 

for globes. By having divisors and gauge points thus 
prepared, round solids are reduced to square ones, by 
which means their contents are determined with the 
greatest ease, as they all eome under the general fonnula 

-p-, ID which I represents the length, s the side or diame- 
ter, as the case may be, and G the prepared divisor, or, for 
the purposes of the Slide-rule, its square root, the gauge 

For finding the solidities of frustums the following is 
an invaluable rule, and of general applicability : — Find 
the area of the top, the area of the bottom, and four tiinea 
the middle area ; their sum is six times a mean area, which, 
being multiplied by one-sixth of the depth, gives the con- 
tent. Now, since by the above-mentioned divisors we 
have reduced round solids to square ones, the rule be- 
comes : Add together the square of the top, the syuare of 
the bottom, aud four times the square of the middle, and 
multiply the sum by one-sixth of the depth. Bat four 
times the square of a number is equal to the square of 
twice that number; therefore the rule becomes still easier. 
Add together the square of the lip, the square of the hoi- 
torn, and the square of twice the ntiddle, and multiply by 
one-Mxih of the dejith. Moreover, when solids do not 
bulge in the middle, like globes and spindles, but taper 
regularly like eones and pyramids, then the sum of the 
top and bottom loill he twice the middle diameter. There- 
fore, for all regularly tapering frustums the above given 
rule becomes still more concise, viz. : Add together the 
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square of the iop, the square of the bottom, and the square 
of their sum, and multiply by one-sixth of the depth. In 
the same way as for cones, we multiplied by ihe whole of 
the height, and took three times the divisor, so for frua- 
tnms we may take the whole of the height, and divide by 
six times the divisor. Now, 6 times 277.274 = 1663.644, 
whose Equare root ^ 40.78, the gauge point for square 
frustums. Also, 6 times 353.0358 =2118.2148, whose 
square root rr= 46, the gauge point for round frustums. 
Moreover, as a rulo that applies to frustums, applies also 
to the complete solids themselves, and as this is of such 
general utility, we shall illustrate it by a few examples. 



EXAMPLES. 

69. A carpeuter has a hlock of wood 11 inches square 
at top, 13 inches square at bottom, and 12 inches deep : 
does it contain aa esaot cubic foot, or more, or less ? 



Top IP =121 
Bottom 13' = 169 
Sum Hi" = 576 



2 :^ y of depth. 
1732 =^i cubic inches more 
than a solid foot. 

70. A prisnioid, 24 inches deep, measures 12 inches 
by 10 at top, and 16 by 12 at the bottomj what is the 
content in cubic inches ? 
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Top 12 X 10 = 120 
Bottom 16 X 12 = 192 
Sum 28 X 22 = 616 

928 X 4 = 3712 cubic inches. 

71. A wedge measures 8 incliea along the edge; the 
base is 12 inches long, and i thick, and the perpendicular 
height 18 inches; what is the solidity? 

Top 8X0=0 

Bottom 12 X 4 = 48 
Sum 20 X 4 = 80 

128 X 3 = 2S4 cuhic inches. 

72. A cjliiidroid, or solid bounded at one end by a 
circle 6 inches diameter, and at the other by an ellipse 
whose axes are 12 and 10, is 24 inches deep; how many 
gallons will it contain ? 

Top 6 X 6 ^ 36 

Bottom 12 X 10 = 120 
Sum 18 X 16 = 288 

444X4 =1776; 
1776 
^"'' 853.0358 ' 

73. What is the solidity of a globe whose diameter is 1? 
See diagram page 48, and suppose E to be halfway 
between A and F, and then the diameter being I, A 

will be 1, and AE = 1 



^=5.0 



-C 
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.-. twice EC ^ 2 v'S the middle diameter; then — 

Square of top = 

Square of bottom :^ 1 

Square of twice middle ^ 3 

4X I +.7854 = ,5236, 

the content as determined by other modes. 



To return to the slide. Putting I or A, length, height, 
or depth, according as the solid is considered lying or 
standing; rf and 2), less and greater diameter ; »(, middle 
diameter, taken halfway between them ; r and Ji, less and 
greater radius; s and iS', less and greater side; y, square 
root of product, or mean proportional between two dimen- 
sions; /, fixed axis; and JJ, reyolying axis; then the capa- 
cities of solids will be denoted by the following formulas ; — 
In' 



pyramid 
8. Cylinder ^ -^^ ■ 
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8. Eectangular Pyramid = 



square pyramid 

sj?: 

square pyramid 



9. Paraliolic Priam = 



10. Elliptic Cylinder := -/?^- 
■^ '' eylmder 



12. Paraboloid, or Parabolic Conoid = _— _, 

US' 
cylinder 

13. Hyperboloidj or Hyperbolic Conoid 

round frustum globe 

14. Parabolic Spindle = -^^^^ X -8 

15. Spindles in general = ^-^^|j^. 

UB^ + m^) 
"'' globe 

16. Fnistum of Pyramid ^ — _^^j-j-^--^-_ ■ 



17- Frustum of Col 



round frustum 
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18. Frustum of Paraboloids- ?-^ri— , 

cylinder 

cylinder 

19. Frustum of Hvperl>oloid=:—^'- . ^ . — , 

■"^ round irustum 



^(^+^' + « '') 



20. Middle Frustum of Parabolic Spindle 
— ^(^° + 2 . i?° — tV (of 2diff.)') 



round frustum 



21. Middle Frustum of Spindles in General 

-' '' 

22. Middle Frustum or Spheroid = HJ1+ 2 -JJ^^ 

23. Midddle Frustum of Sphere = '''-^ — J- of ^^ 

cjundev 

k(d= + g of /^') 
"' cylinder " 

24. Any Frustum of Sphere 

— tKf{i+.-^+Ji^°) 27t(r=-f-.g'+ jof/i") 
^~ cylinder ' cylinder 

25. Segment of Sphere ^ H'''=f'-^') ^ 

° * globe 

On examining the ahove it will be seen that the formu- 
la for frustums readily resolve themselves into those for 
their corresponding complete solids; thus, if the frustum 



,Google 



INSTRUMENTS AND THE SIJDE-RULE. 139 

in formula 16 is supposed to be completed, and run vp to a, 

point, then s vanishes, and the rule becomes -— i 

' ' frusta m 

and since the frustum divisor is double the pyramidical, 

the numerator and denominator candel by 2, and become 

.-;■ In the 18th, if d and r vanish, the formula is 

pyramid. 

resolved into the 12th, and so of the rest, A pyramid, aa 
before remarked, is equal to i, a parabolic prism to 1 of 
its eiroum scribing rectangular prism. A cone is 4, a 
sphere or spheroid i, a paraboloid J, and a parabolic spin- 
dle Y^, of its circumscribing cylinder. An examination 
of the formulEe for these solids will show that they are so 
constructed. Thus, comparing the 9th with the 8th, we 
find 21 instead of I; and comparing the 12th with the 3d, 
we have ih for h or I. The parabolic spindle being -^^ 
of the cylinder, and the cylinder J of the globe, multiply- 
ing these together we have .8, The difference between an 
oblate and prolate spheroid will be best understood by 
considering the revolutions of a parallelogram. Suppose 
a parallelogram 12 inches by 6 to be divided by two lines 
across the middle, at right angles to each other, so as to 
cut it into 4 equal portions, each 6 by 3. Then, if the 
parallelogram revolve on the short axis, it will generate a 
cylinders inchesdeep, and having a diameter of 12 inches; 
consequently, its content will be 6 X 12° X -7854. If 
it revolve on the long aais the cylinder produced will 
be 12 inches deep, and 6 diameter, and its content 
12X6'X -7854; that is, in each case >= -7854.* Two- 

* In sliort, all tlie formula for round solids are but modifiea- 
tiaus of t^e geueml expresEioa ^ ; and even angular solids 
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A" 

thirds of tkis, or /if .5236, gives the spheroid — ■: ■ 

The earth ia a siiheruid slightly ublate, the polar diameter, 
as determined by careful lueasurementa of a degree at 
different parts of its surface, being about 26 miles less 
than the equatorial, the promineace of the torrid zone 
having, it is presumed, been ac<juir«d, at the commence- 
ment, from the operation of centrifugal force : it being 
supposed that the earth was formed from matter in a semi- 
fluid state, and set rotating on its asis before the parts 
had been allowed dme to consolidate. 

ILLUSTRATION OF FORMULA. 

74. Formula 1.— What is the content, in gallons, of a 
vessel in the shape of a square prism, 1 inch deep, and 29 
inches along each of the sides? 

Eeferriug to the back of the rule, 16.65 will be found 
the gauge point for square prisms ; therefore oyer 16.65 
of D set 1 ; over 29 is 3.03 gallons, the content* 

75. Formula 2. — Each side of an hexagonal pyramid is 
46 inches, its perpendicular depth 90 inches ; what is the 
content in gallons? Over 17.9 set 90; over 46 ia 594.8 
gallons. 

76. Formula S.— The depth of a cylinder is 40 inches, 

maj come under the same form, if wo conceiTe them to be 
described bj the rotation of planes, and the generated Burfaoes 
BubsBquently sbapad into polygons by lateral compression. 

* Finding the content of solids whoso i^epth or thickness is 
unity ia generally termed "gauging areas," because, in such 
cases, the surface and solidity are both reprcEcnted by the same 
number, W^ and s^ being equiyalent when I becomes 1 . 
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its diameter 21.5; how many gallons will it contain? 
Over 18.78 set 40; over 21.5 is 52.37 gallons. 

77. Formula 4. — The depth of a cone is 24 inches, its 
diameter 17 ; how many lbs. of tallow will it hold ? Over 
10.75 set 24; over 17 is 60 lbs, 

78. Formula 5.— What is the weight of a globe of 
brass 8 inches in diameter? Over 2.51 set 8; over 8 is 
81.2 lbs. 

79. Formula 6. — The fixed, or transverse asia, of a 
prolate spheroid is 54 inches, its conjugate 33 ; how many 
bushels will it oontMn? Over 65.08 set 54 ; over 33 is 
13.88 bushels. 

80. The fixed, or conjugate diameter of an oblate 
spheroid is 33 inches, its transverse 54; how many bushels 
will it contain? Over 65.08 set 33; over 54 is 22.7 
bushels. 

81. Formula 7. — A cistern in the shape of a rectangular 
prism, or parallelopiped, is 82 inches long, 54 broad, and 
37,5 deep ; how many gallons will it contain ? To 54 on 
D set 54 of the slide, then under 37-5 is 45, a mean pro- 
portional. Over 16.65 set 82; over 45 is 598 J gallons. 

82. Formula 8. — A vessel oblong at top, and tapering 
downward to a point, measures 48 inches by 75 ; its 
depth is 63 inches ; how many lbs. of hot hard soap will 
it hold? Over 48 of D set 48, then under 75 is 60, a 
mean proportional. Over 9.16 set 63; over 60 is 
2700 lbs. 

83. Formula 9. — A prisraatio vessel, 10 inches deep, 
whose ends are in the shape of a parabola, i 
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incbes along ttc straight aide or doable ordinate, from the 
middle of which to the vertex is 60 inches ; how many 
gallons will it contain? Over 60 set 60, under 80 is 
69.28, a mean. Over 28,84 set 20 (twice deptii;) over 
69.28 is 115,4 gallons. 

84. Formula 10,— The axes of an elliptic cylinder are 
67 and 52, its depth 50 inches ; how many bushels will 
it contain ? Over 52 set 52 ; under 67 is 59, a mean. 
Over 53.14 set 50; oyer 59 is 61.6 bushels. 

85. Formula 11. — The axes of an inverted elliptic eone 
are 16 and 9, the depth 19 inches; how many pints will 
it hold ? Over 16 set 16; under 9 is 12, a mean. Over 
11,5 set 19 ; over 12 is 20.6 pints. 

86. Formula 12. — A vessel in the shape of a parabolic 
conoid is 42 inches deep, and the diameter of the top is 
24 inches; what is the content in gallons ? Over 18.78 
set 21 (half 42 ;) over 24 is 34.25 gallons : or by the 
second, over 18.78 set 84 (twice 42) ; then over 12 Is 
34.25, as before. 

87. Formula 13.— What is the content, in gallons, of 
a hyperbolic conoid, the diameter at top being 52 inches, 
the diameter in the middle 34, and the depth. 25 inches ? 
Over 46 set 25, then- 
Over 52 is 31.9 

Over 68 is 54.6 



88. Formula 14. — What is the content, in gallons, of 
a parabolic spindle, the diameter of which is 28 inches, 
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and length 70 inches? Over 23 set 70; over 28 is 
103.7- Then to 103.7 on A set commenoemcnt of slide, 
and over .8 is 82.96 gallons. 

89. Formula 15,— The length of a spindle is 20 inches, 
the greatest diameter 6 inches, and the diameter halfway 
between it and the point 4.74 inches ; what is the content 
in cubic inches ? Over 2.76 set 20, theu — 

Over 6. is 94. 
Over 9.43 is 235.5 

829.5 cubJc inches. 

90. Formula 16, — How many gallons will be contained 
in the frustum of an octagonal pyramid, each side of the 
greater base being 17.5 inches, of the less 14 inches, and 
the perpendicular depth 47 inches? Over 18.55 set 47, 
then- 
Over 14. is 26.8 

Over 17.5 is 41.8 
Over 31,5 is 135,2 

203.8 gallons. 

91. How many lbs. of hot hard soap will the above 
contain ? 

As polygonal pyramids are not figures of frequent oc- 
currence, it was not deemed necessary to insert gauge 
points for any other quantities than gallons and cubic feet, 
the weight therefore mnst be determined by a second pro- 
cess, which, since a gallon of water weighs 10 lbs,j is ef- 
fected by multiplying the content in gallons by 10 times 
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tLe specific gravity. Now the specific gravity of hot hard 
aoap is shown on the rule to he .99, ten times which 
= 9.9. Therefore, to 203.8 on A set commencement of 
slide, then oyer 9.9 is 2017 lbs. 

92. Formula IT.— The frustum of a cone is 43 inoliea 
deep, the diameter at one end 36, at the other 20 inches; 
how many bushels will it contain? Over 130.17. set 43, 
then — 

Over 20 is 1,02 
Over 36 is 3.28 
Over 56 is 7.96 

12.2fl hushels.* 

93. Formula 18. — The diameters of the frustum of a 
paraboloid are 30 and 40 inches, the depth 18 inches; 
how many gallons will it contain? Over 18.78 set 9 
(half 18,) then- 
Over 30 is 23. 

Over 40 la 40.7 

63.7 gallons,! 

94. Formula )9, — How many bushels will be contained 
in the frustum of a hyperbolic conoid, the top and bottom 

* If the fruatuMs of two «qual cooes be joined together at their 
greater ends they form a figure called by gaugers a cask of the 
1th ^arietj; 

■|- If the fraatums of two equal paraboloids be joined iogatier 
at their greater ends tlieyform a figure called b; gaugers a cask 
of the 3d vari-Btj. 
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djametera of which are 23 and 40 inches, the middle 36 
inches, and depth 20 inches? Over 130.17 set 20, 

Over 23 ia .62 
Over 40 is 1.88 
Over 72 is 6.13 

8,63 bushels. 



95. Formula 20. — The length of a vessel in the form 
of the middle frustum of a parabolic spindlo is 20, the 
greatest diameter 16, and least 12 inches; what is the 
content in gallons f Here twice the difference of the 
diameters = 8 ; therefore, oyer 32.54 set 20, then — 
Over 12 is 2.72 
Over 16 is 4.83 



e-tenth of which is 



96. Formula 21. — The bung diameter of a ves 
inches, the head 30, twice the diameter taken 
between them 67.8 inches, and the length 40 inch 
many gallons will it contain ? Over 46 sot 40, 

Over 30 is 17. 

Over 36 is 24.5 

Over 67.8 is 86.9 



midway 
is ; how 



128.4 galloi 



* A cask in tlie form of the middle frustum of a parabollo 
gpiudle is termed b; gaugers a cask of tlie 2d rariety. 
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97. Pormula 22.— A yessel in the form of the middle 
frustum of a prolate spheroid is 40 inches long, tho bung 
diameter ia 30, and the head 27 inches ; what is the con- 
teat in gallons ? Over 32.54 set 40, then- 
Over 27 is 27.4 
Over 36 is 49. 



12'i i gallons.* 

98. Formula 23. — How many cubic feet are contaiaed 
in the middle zone of a sphere, the axis of which is 44 
inches, and the height of the zone 14 inches? Over 46,9 
set 14, then — 

Over 44 is 12.32 
Over 14 is 1.26, one-third of which = .42 

11,9 bushels. 



99. Formula 24.— What is the content in gallons of the 
shoulder of a still in the form of the frustum of a sphere, 
the top and bottom diameters being 42 and 36 inches, and 
the height 30 inches ? Over 18.78 set 15 (half 80,) 

Over 36 is 55 
Over 42 is 73 
Over SO is S3.3 
+ J = 12.7 



* A cask in theform of the middle Eruatum of a prolate ephe- 
id U termed bj gangera b. cask of the 1st variety. 
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100. Formula 25. — A copper ba,iin in the form of tlio 
segment of a, sphere is 18 inches deep, the diameter across 
the top 40 inches ; how manj gallons will it contain ? 
Oyer 23 set 18, then- 
Over 18 is 11. 

Over 20 ia 13.6 
4- twice ditto = 27.2 

61.8 gallons. 

The content of cjlindroids, prismoids, and wedges, is 
found by taking the mean proportionals of the products 
of the top and bottom dimensions, and of the product of 
their sums, making use of the round frustum gauge points 
for the cjlindroid, and the square frustum for the prismoid 
and wedge. 

ILLUSTRATION. 

101. The perpendicular depth of a cjlindroid is 52 
inches, the diameters at top 60 and 46, at bottom 42 
inches; what is tho content in bushels? 

Bottom 42 X'i2,mcanproportionalbetweenwhi<ih^42 
Top 60x46 " " =52.54 

Sum 102X88 " " *=94.74 

Over 130.17 set 52, then over 42 = 5.4 
52.54= 8.5 
94.74 = 27.5 

41.4 bushels. 

Heferring to the Table on page 150, the round frustum 
dirisor for bushels ia 16945.74. 
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The numcriual solution of this question, therefore, will 
)e as follows : — 

Bottom 42 X 42 = 1764 

Top CO X 46 = 2760 

Sum 102 X 88 =8976 

13500 



16945.74 ) 702000.00 ( 41.426 fc 
6778296 



10744920 
10167444 



For questions 102 and lOIi the divisor, ag .qhovrii on 
page 150, will be 13309.15. 

102. The length and breadth of a coal wagon at (op 
are 81 and 55 inches, at hottom 41 and 29 inches ; the 
depth is 47 inches; how many bushels will it contain f 
Top 81x55, mean proportional between which ^^ 66.8 
Bottom 41X29 " " = 35.5 

Sum 122X84 " " =101.2* 

■* It mnst be observed tliat, in irregulnr solids, the mean pro- 
portiaca.1 of the sum is nut tlie sum of the mean proportionals ; 
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r 115.3 set 47, thca over 66.8 =^ 15.6 
35.5=: 4.4 
101.2 ^ 36.1 



103. A heap of malt ia piled into the form of a wedge, 
24 inches deep, the base is 40 inohoa long, and 20 broad, 
the edge 20 inches long; Lovf many bushels does it 
contain? 
Top 20 X 

Bottom 30x20, mean proportional between which^28.28 
Sum 60X20, " " =34.37 

Over 115.3 set 24, then over 28.28 = 1.46 
34.36 = 2.14 

3.6 bushels. 

the former miiat be taken, not the latter. In prismoids, also, 
attention must be paid to the iiosition of the sides; for the top 
and bottom areas of two priamoids may be the same, and yet 
their middle area, and consequently their content, different. 
For, suppose a prismoid to be 12 inches by 10 at top, and 9 
inches by 6 at bottom, the 12 falling over the 9, and the 10 oyer 
the 6 : if now we shift the position of the top parallelogram so 
as to bring the short side over the long one of the bottom, then 
the figure becomes distorted, and the content altogether altered. 
In the first it will be — In the second — 

Bottom 12 X 10 = 120 Bottom 12 x 10 = 120 

Top 9 X 6 = 54 Top 6 X 9 = 54 

Sum 21 X 16 = 3!56 Sum !8 x 19 = 342 
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EXAMPLES FOR PRACTICE. 

10-t. What i3 the weight of a prism uf steel 7 iuchea 
square, 15 inches long? — Ans. SOT lbs. 

105. What would he the weight, of a pyramid of ice, 
8 inches square at bottom, and 13.8 inches high ? — Ana. 
9.87 lbs. 

106. A cylindrical glass-pot, 24 inches diameter, is 
charged with flint glass to the depth of 15 inches : what 
is its weight ? — Ans. 785 lbs. 

107. An inverted cone is 23 inches deep, its diameter 
at top 10 inchos : what quantity of tallow will it contain ? 
—Ans. 19.8 lbs. 

108. What quantity of gunpowder, shaken down, wilt 
fill a shell whose internal diameter is 9 inches?— Ana. 
12.8 lbs. 

109. The axes of an oblong or prolate spheroid are 6 
and 8 inches : what quantity of mercury will it contain ? 
—Ans. 74.2 lbs. 

110. The axes of an oblate spheroid are 6 and 8 inches : 
what quantity of mercury will it contain ?— Ans. 99 lbs. 

111. What is the weight of a rectangular block of 
ice, 12 inches by 10 thick, and 30 inches long ? — Ans. 
121 lbs. 

112. The top of an inserted rectangular pyramid mea- 
Burea 17 inches by 13 ; its depth is 44 inches : how many 
gallons of water will it contain, and how many lbs. ? — 
Ans. 11.69 gallons, 116.9 lbs. 
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113. The base of a parabola is 32 inches, its absciss 24 
inches; the deptli is 1 inch ; how maay gallons will it 
hold?— Ads, 1.84 gallons. 

114. The diameters of an elliptic cylinder are 25 and 
20 inches, the depth 13 inches : how many gallons will 
it contain? — Ana. 18.4 gallons. 

115. An elliptic cone of silver is 10 inches high, the 
diameters at bottom 5 inches by 4 ; what is ita weigUt in 
lbs. avoirdapois? — Ans. 19.8 lbs. 

116. A paraboloid of copper is 12 inches high, the 
diameter of the base 8 inches : what is its weight ? — 
Ans. 96 lbs. 

117. A vessel in the shapo of an hyperboloid is 25 
inches deep, the radius of the top 26, and the middle 
diameter 34 inches : what quantity of cold hard soap will 
it hold ?— Ana. 883 lbs. 

118. The length of a parabolic spindle h 32 inches, its 
diameter 10 inches: required the content in gallons. — 
Ana. 4.83 gallons. 

Hi). The length of a cast-iron spindle is 20 inches, ita 
greatest diameter 9 inches, and the diameter halfway be- 
tween that and the point 6 inches : what is its weight ? — 
Ans. 155.8 lbs. 

120. The frustum of a nonagonal pyramid, 25 inches 
deep, measures 9 inches along each side at top, and 12 at 
bottom ; how many gallons will it contain ? — Ans. 61.8 
gallons. 

121. Suppose a cask to consist of two equal frustums 
of a cone, the length of which is 40 inches, the bung dia- 
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meter 82, and the head 2i : nbat is the content in gallons ? 
By formula 17. — Ana. 89.4 gallons, 4th variety. 

122. Suppose. a eask, of the same dimeasions, to he 
composed of two equal fruf^tum^ of a paraboloid : re- 
quired the content. By formula IH, — Ars. 90.6 gallons, 
3d variety 

123. Let the ca'k be the middle frastiam of a para- 
bolic spindle, and the dimensions remain the same : what 
is the content? By fnrmula 20.— Aas. 98.2 gallons, 
2d variety. 

124. Let the eaak be the middle frustum of a prolate 
spheroid, the dimenaions continuing the same : wliiit is 
the content? By formula 22. — Ans. 99.1 gallons, 1st 
variety. 

125. What will be the content of the middle frustum 
of a spindle having the same dimensions, and also the 
diameter halfway between the head and bung 29.6 
inches ? By formula 21. — Ana. 96.45 gallons, true con- 
tent. 

126. Bcqnired the content in cubic feet of the middle 
frustum of a sphere, the height of which is 24, and the 
least diameter 18 inches. — Ans. 7,72 feet. 

127. Find the content in gallons of the frustum of a, 
sphere, the height of which is 9 inches, and the radii at 
its ends 14 and 10 inches. — Ans, 16.47 gallons. 

128. What ia the weight of the segment of a globe of 
lead, the height of which is 6 inches, and the radius of 
the base 8 inches ?— Ans. 293 Iba. 

129. The depth of a cylindroid is 50 inches, the diame- 
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tera of the elliptic base are 60 and 44 inches, the diameter 
of the circular top 40 inches : required the content in 
gallons.— Ans. 298.3 gallons. 

130. The depth of a prismoid is 50 inches ; the base ia 
a parallelogram 60 inches long, 44 broad ; tho top is a 
square, the sides of which are each 40 inches : what is 
the content in gallons? — Ans. 379.8 gallons. 

131. The frustum of a square pyramid is 30 inches 
deep, each of the sides at bottom 36, and at top 25 
inches : what is the content of each of the wedges into 
which a diagonal plane, passing through its extremities, 
divides it ? — ^Ans. 62.97 gallons, lower hoof or wedge ; 
38.77 ditto, upper ditto. 



Tables VII. and VIII., at the back of the rule, are 
adapted for the use of the E slide. Table VII. exhibits 
the weight of metallic spheres, commencing thus : — 
D iliaraeter. E weight. 

Platinum 4 inches ^= 26 lbs. avoirdupois. 
Gold 65 inches = 100 lbs. 
That is, over 4 oa D, set 26 lbs. on E, then the numbers 
on D win be a series of diameters, and the numbers over 
them on E their corresponding weights. 

EXAMPLES. 

132. A sphere of platinum weighs 51 lbs. : what is its 
diameter? — Over 4 set 26 lbs.; under 51 lbs, ia 5 inches. 

133. A sphere of silver weighs 7 lbs. : what is its 
diameter i" — Ans. 3.284 inches. 
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114. Roeteta receive their names from a cmnparison 
of the external Jiameters of their cases with leaden bdlla : 
what, then, is the diameter of a 5-poiuid rocket ? — Ans. 
2.86 inches. 

135. A globe of wrought iron weighs 19.7 lbs. : what 
is its diameter? — Ans. 5,1 inches. 

136. A spherical vessel, filled with mercury, holds 258 
lbs.: what is its diameter? — Ans. 10 inches. 

137. Thirteen lbs. of gunpowder fill a sheU: what is 
its diameter? — Ans. 9.04 inches. 

138. A sphere of brass weighs 81.2 lbs. : what is its 
diameter ?— Ans. 8 inches. 



Table VIII. is used precisely like Table VII., and is 
for fiading the diameters and circumferences of spheres 
from their solidities; and also the solidities of regular 
bodies, the tetrahedron, &c. 



139. The solidity of a sphere is 33.6: what is its 
diameter?— Over 4.6 of D set 51 of E; under 38.6 is 4. 

140. A globe contains 98.5 solid feet : what is its cir- 
cumference? — Ans. 18 feet. 

141. The side of a. tetrahedron measures 2.2 inches; 
how many cubic inches does it contain ? — Ans. 1.25 cubic 
inches. 

142. The side of an octahedron measures 3.3 inches ; 
how many cubic inches does it contain? — ^Ans. 16.875 
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143. A dodecihedrnn eonlaiDS 15 cubic fMt; wtat ia 
the length of each of its sides ? — Ans. 1.25 feet. 

144. The solidity of an icosahedron is 162 : what is 
the length of each of ita sides ? — Ans. 4.2. 



SOLAR SYSTEM. 
The concluding part of the tabular work on the rule ia 
for the use of the line A in conjunction with that of E. 
According to Kepler's famous discovery, the squares of 
the periodic times of the planets are proportional to the 
cubes of their mean distances. Now, since the line A is 
laid down twice, and the line E thrice, in the same spa.ce, 
wlien the slide E is laid evenly in, the cubes of the num- 
bers on A will be equal to the s mares of the numbers on 
E, when in any other position, the cubes of the numbers 
on A will be proportional to the squares of the numbers 
on E Hence, if under 95 millions of miles on A we 
pet 865 days, or 'M weeis or 13 lunar months, or 1 
year, ou E, then the numbers on A will be a series of 
pHnetary diatnnees, Tind the numbers beneath them on E 
their periods of reiolution, in dijs, week=, months, or 
years, ai-cordin^ as 565, 52, 13, or 1, is seketcd 



145. The distance of Mercury from the sun is 37 mil- 
lions of miles; what is the length of his year? — Under 95 
set 365 ; under 37 is 88 days. 

146. Mars is about 687 days in revolving round the 
SQu; what is bis distance? — Ans. 144 millions. 

147. Hersobcl's mean distance is about 1823 millions 
of miles ; how many years does he consume in traversing 
his orbit? — Ans. 83.8 years. 
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118. If a planet revolved in an orbit 20 million miles 
from the sun ; how long would it take in passing round 
him? — Ana. 351 days. 

149. Suppose the recently discovered planet to be 3,000 
millions of miles distant from the sun; how many yeara 
does it take in traversing its orbit ? — Ans. 178 years. 

150. The nearest of Saturn's moons is 108 tliousand 
miles distant from him, and the time of its periodic revo- 
lution about 22 J hours; the second is distant 140 thou- 
sand : what is its periodic revolution ? — Under 108 of A 
set 22t of E; under 110 is 84 hours nearly. 

151 The fouith fitelhte of Safurn spends 65 hours in 
pa-Bing round it« primary, required its distance from 
him —Ans 217,000 miles 

The following table will enable tlio student to solve 
the previous questions numerically — 



failver i o 

Topper 6 

Prisa 5 4 

Wt Iron and feleel 3 

Ct. Iron, Tin, and Zino 6 

Ice and GnnpowiJer ....7 

Solidity of Sphere = .5236 

Solidity of Tetrahedron = .1' 
" Octahedron ^ .4' 

" Dodecahedron ^ 7.6i 
" leoaahedron = 2.11 
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Numerical Solution of Question 133, 
18 : 4.5 : : 7 : rf^j or taking tlje ^of each («i 
f 18 : 4.b : : f7 : ^-jf^J wliich, multiplying n 

merator and denominator by -^18' = " J = 

i ^2268 = 3.284. 

Question 148. 
95' : 365' : : 20' : ?^ 



95' ~ 857375 
and x/1243 = 35.25 days. 



MISCELLANEOUS QUESTIONS. 

152. A triangular piece of board, measuring 18 feet in 
perpendicular height, is to be divided equally among 4 
mea, by sections parallel to the base ; at what distance 
from the vertex must they be cut ? — Similar surfaces vary 
aa their squares ; hence, over 18 of D, set 4 shares on C ; 
then under 3 shares is 15-58 feet; under 2 is 12.72, and 
under 1 is 9 feet. 

1 53. A oirole measures 9 inches in diameter : required 
the diameter of another of twice the area. — Over 9 of D, 
set 1; under 2 is 12.72. 

154. Four men bought a grindstone, 30 inches in dia- 
meter, and agreed that the first should use it till he ground 
down J of it for his share, deducting 6 inches in the mid- 
dle for waste; then, tbat the second should use it till ho 
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ground down J part, and so on : what part of the dia- 
meter must each grind down ? — If Jtli of the diameter he 
waste, jigtli of the content is waste; therefore, conceiving 
the whole to contain 25 shares, 1 share will be waste, and 
each man will have 6 shares. Over inches on D, set 1 
Bharo on C ; under 7 is 15.87 ; nndet 13 is 21.63 ; nnder 
19 is 26.15; and under 25 is 30, Subtracting these 
numhers from each succeeding one, wo obtain 9.87 inches 
for the fourth; 5.76 for the third; 4.52 for the second; 
and 3.85 fox the first. 

155. Three persons having bought a sugar-loaf, 20 
inches high, it is required to divide it equally among 
thera by sections parallel to the base ; required the height 
of each part. — Similar solids vary as their cubes, hence 
use the K slide. Over 20 of D, set 3 shares ; under 2 is 
17-48 ; under 1 is 13.86. Subtracting from each preced- 
ing, we have 2.52 inches height of lowest part: 3.62 
eeoond; 13.86 third. 

156. A parson has a solid globe of wood, 7 inches in 
diameter, and requires another twice the size : required 
its diameter.— Over 7 of D, set 1 of E ; under 2 is 8.82 



157. Perceiving a chandelier, suspended from a church 
ceiling, moving slowly backwards and forwards, I observed 
that it made 14 swings per minute : what was the height 
of the ceiling from the floor, supposing the centre of gra- 
vity of the chandelier to he 8 feet from the pavement ? — 
Ans. 68 feet. 

158. A person lent another a cubical rick of hay, mea- 
suring 10 feet each way, which he repaid with 8 otheia 
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of the same shape: what waa the 
Ans. 6.93 feet. 

159. Two pipes, each 2 inehes internal diameter, fill a, 
cistern in an hour; they are then stopped, and five smaller 
ones are opened at the bottom of the vessel, which they, 
empty in the same space of timq : what is the diameter 
of these smaller pipes, each being the same ? — Ana. 1.265 
inches, 

160. The arms of a pair of scales are of unequal length; 
a quantity of sugar, weighing 19 lbs. in one scale, weighs 
only 16 lbs. in the other whit i« its real weight? Take 
the mean proportional — \ns 17 4Blbs. 

161. There is a ^la^s in the shape of a frustum of a 
cone, 6 inches deej , its top diameter is 3 inches, its bot- 
tom 2; if I pDur water into it till it is j full, what will 
be the depth of the li juoi ^ — An** 5 12 inches. 

162. Three men bought, a tipenng piece of timber, 
which was the frustum (fa S'^juare pjramid: each side of 
tho greater end was 3 feet of the leis 1 foot, the length 
was 18 feet : what was the thickaca of each man's piece, 
'^apposing they are to have equal ■'hares? — Ans. 3.27, 
4.56, and 10 17 inches 

163; The s Jes of a triangle measure 6, 5, and 3 feet; 
it is required to construct another that shall contain 3| 
times as mueh , determine the length of tho sides. — Ans. 
11.69, 9,75, and ^ S5 

164. The mean distance of Jupiter from the sun is 495 
millions of miles : how many years is this splendid lumi- 
nary in traversing Ma orbit ?— Ans. 11| years. 

165. How many gallons will be contained in a cylin- 
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drical vessel, 18 J inclies diameter, and SJ deep? — Ans. 
8 gallons. 

166. A globe of cast-iroa weighs 18 Iba. ; what is its 
diameter? — Ana. 5.09 inches. 

167. What is the diameter of a silver sphere, weighing 
25 lbs. avoirdupois? — Ana. 5.02 inches. 

168. Seven men bought a grindstone, a yard in dia- 
meter, for a guinea; they paid 3^. each, and agreed to 
grind down their separate portions ia succession : what 
was the diameter of the stone when each began to grind? 
—Ana. 36, 33 3, 30 4, 27 2, 23 57, 19.24, and 13.6 
inches. 

169. There are two simildr cjlinders; the length of 
the one is 8 inches, and its diameter 4; the other is 2| 
times the size ■ determine its length and diameter. — Ana. 
Length 11 28, diameter 5 64 

170. Two spheres of brass are to each other in the pro- 
portion of 5 to 7 ; if the larger measures 12 inches round, 
what is the cirenmference of the smaller? — Ana. 10.72. 

171. Five men bought a grindstone 16 inches in dia- 
meter, for 153. A pays Is., B 2s-, C 3s., D 4s., and E 53. ; 
each man is to grind down his portion in succession, com- 
mencing with A, and ending with E, who is to leave 4 
inches unground : what ia the diameter as each begins to 
grind?— Ans. 16, 15.49, 14.42, 12.65, 9.8. 

172. The frustum of a pentagonal pyramid measures 
10 inches along eaeh side at top, and 15 at bottom, and 
the depth is 20 inches; if I put into it a solid globe of 
wrought iron, weighing 108 lbs., and then pour in 12 
gallons of water : what depth of the vessel will remain 
unfilled ? — Ans. 8.28 inches. 
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173- A globe of wood, 10 mches diamebr, suspended 
in a lathe, was turned down into =maller globes, by 4 men 
successively, each chipping off an equal portion : what 
was the diameter when each began, supposing the last 
left a globe of 2 inches diameter ?—Ans. 10, 9.09, 7.96, 
and 6.35. 

174. If into a soap-bubble 3| inches diameter, I blow 
^ of a pint of air, what will then be its circumference ? — 
Ans. 14.49 inches. 
175. One evening I chanced with a tinker to sit, 

Whose tongue ran a great deal too fast for Lis wit. 
He talked of his art with abundance of mettle. 
So I asked him to make me a flat-bottom'd kettle. 
Let the top and the bottom diameters be 
In just such proportion as five are to three. 
Twelve inches the depth I proposed, and no more; 
And of gallons to hold seven-tenths of a score. 
He promised to do it, and straight to work went, 
Got right the proportions, but wrong the content. 
He altcr'd it then, and the quantity found 
Correct, but the top measured far too much round ; 
Till, making it either too big, or too little, 
The tinker, at last, had quite spoil'd his fine kettle. 
But he TOWS he will bring his said promise to pass, 
Or else that he'll waste every ounce of his brass. 
So to save him from ruin, kind friend, find him out 
Tie diameters' length, for he'll ne'er do it, J doubt. 
Ans. 15.06 bottom, 22.1 top. 
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CASK (JAUGING. 

It has been stated, that casks are usually gauged by 
considering them under four varieties ; and questions 121, 
122, 123, 124, show the content of a cask of given dimen- 
sions under these four varieties, in which it will be seen 
that there is a variation of 10 gallons, aceoriling to the 
different form under which the cask is viewed. By con- 
sidering the vessel as part of a prolate spheroid, wc shall 
have the content too great ; for no cask is so much curved 
towards the head as this would make it. The middle 
frustum of a parabolic spindle approaches nearer to the 
shape of casks in general. Two frustums of a paraboloid 
leave too sharp a ridge in the middle ; and the frustums 
of two cones give the content far too small, and would, in 
themselves, make a ridiculous kind of barrel. The gene- 
rality of casks seem to be a compound of the first and 
fourth varieties, the bung part being spheroidal, and the 
extremities conical. If, in addition to the bung and head, 
we taie the diameter halfway between the two, then the 
true content is readily found by the general rule for frus- 
tums ; but, as in practice, except wit"h open casks, it is a 
somewhat tedious process to obtain this middle diameter 
perfectly correct, without which it is useless, since, by the 
nature of the formula, the content is made to depend 
upon it in ^fourfold measure ; aud as the determining to 
which of the varieties any given cask makes the nearest 
approach, is a work requiring much skill and judgment 
various writers have, from time to time, attempted to dis- 
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cover a rule that shall De an approsiinafion for all casks. 
Dr. Button's, for this purpose, is represented by the for- 
mula I (39 B' + 25 H= + 26 HB) .000031473. This, 
besides being very laborious, generally gives the content 
too small. By considering the bung diameter as the prin- 
cipal regulator, aud by combining thaiormulge for sphe- 
roidal and conic frustums, we shall arrive at a method 
which never can be far from the truth, and is of the 
easiest application possible, as it may be put under the 
following form, with a whole number for a gauge poiat, a 
desideratum in all oases with the siide-rule. 

Z (H° + g.B") 

that is, over 33 on D set the length; then the number 
over the head plus twice the number over the bung, is 
the content in gallons. Eor computation, the formula is 
equally simple and easy. 

I (H= + 2.B') .000919. 



s 47 inches long; the head diame- 
;er is 26, and the bung 31 inches : required the content. 

Over 33 set *7 ; then 



= 41.5 
41,5 



112.2 gallor 
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Numerically, 26' = 676 

3P=961 

961 

2598 X 47 X -000919 = 112.2 
galloDa. 

Tliis ia an example of a cask whose middle diameter 
was found to be 29.3 as nearly aa possible, the content of 
which in gallons, by formula 21, will be 

I (IP + B= + 2^°) 
_—— 

Over 46 place 47 ; then 

over 26. =15. 
31. =21.4 

58.6::^ 76.1 

112,5 
The same formula, arranged for numerical computa- 
l (H' -I- B' -f 2^) .0004721.* 

Esample,26' = 676 
31' = 961 
58.6== 3433,96 

5070.96X47 X. 0004721 = 112.51 
gallons, true cimtent. 

■* .0001721 is the reciprocal of tlie round ftustum divisor for 
gttUons. 
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By Dr. Huttoa's Rule, the content will be — 
39 X 31' = 37479 
26 X26»= 16900 
26X26X31 =20956 

75335 x47 X .000031473 = 111.42 
gallons. 

The following Table conteiiiia 50 casks that were care- 
fully gauged while empty, and their contents subse- 
quently tested by actual measurement with water. A 
great portion are taken from Dr. Button's works, some 
from Nesbit and Little's gauging, some from Todd's 
Manual, and the rest have come under my own observa- 
tion. They will serve as exercises for the student, and 
show the value and efficiency of the rule I have proposed. 
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In 47 out of tte 50, tlic rule I haye proposed agrees 
nearest with the truth; in the three marked with an 
asterisk, Dr. Hutton's comes nearer. The total error by 
his is 103 gallona ; by mine, 8 gallons. In setting down 
the dimensiona, the most concise way will be to place the 
length on the left hand, with a brace between it and the 
diameters, recollecting tbat S3 is the gauge pgint, when 
three dimensions are used ; and 46, when four dimen- 
sions are taken. 

EXAJIl'LE, 

177. The length of a cask is 40 inches, the head SO, 
the bung 36, and twice the middle 67.8 inches ; required 
the conteot. 

By Proposed Rule for 3 dimensions. 
,„ (30 =S3,05 
^M 36 =47.0 



128,35 gallon 
By General Rule for 4 dimensions. 



128.4 gallons. 

The dimensions of casks are taken most readily witb 
the long and cross callipers, and the bung and head rods. 

* If, as in this case, the number found standing oyer the bung 
diameter appear to lie more than 47.6, and less than 47.7, set 
down both, as above. 
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When these are not at hand, their place may be supplied 
as follows : — 

Procure a, straight piece of deal, 
about I of an inch square, and 6 
feet long, for a measuring-rod; 
and, with a camel's-hair pencil and 
Indian ink, divide it into inches 
and tenths. Take another piece, 
AB, an inch square, and about 

" ' 4 feet long ; and near one end, aa 

at «, cut a notch, and 2 inches from it, b, make a mark, 
and place ■i cipher Then divide the distance from b 
to the end B mto mche's and tenths. Also procure two 
pieces of string, each with loops at one end, and heavy 
plummets of kad at the other. Before tjing the loop, on 
one of the stnng'j slip 3 pieces of cork, e, v, z, about J of 
an inch thick, and J of an inch square. Then, 

Tn fa/c the I>imfn\tons of a standing Cask. 
With a piece of string and chalk, by problem 2, page 20, 
strike a line across the middle of the head of the cask ; 
lay the rod AB over this line, and bring the plummet 
depending from a up to the bulgo of the cask. Then slip 
the other plummet along to c, till it touches the cask in like 
manner. The number now cut by c will be the internal 
bung diameter 0, the distance ab, of 2 inches, being an 
allowance for twice the thickness of the staves. With 
the measuring rod take the distance from y (the under side 
of the rod AB) to the ground /. Also the distance from o 
(the upper side of the rod) to n, the head of the barrel. 
Then y/ minus twice on, will be the iuternal length of the 
cask, the thickness of the square rod, AB, being supposed 
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equal to tte ttickncss of the head of tlie cask, whicli is 
generally 1 inch. To take the middle diameter D, slip 
the fop oork up to e, till the distance ye ia equal to on. 
Tho length of the cask being known, slip the second cork 
down to V, the distance ev being J of the length ; in the 
same manner adjust the cork «, if deemed necessary. 
Then adJ together the distances vv, as, and subtract their 
sum from the bung diameter, or deduct twice the dis- 
tance vv, if tho curve of the cask be uniform ; the 
remainder will bo the middle diameter, D. In the same 
way might a diameter bo taken halfway between D and C. 
Tho oblique line sec, measured from the inside of the 
chimb to the outermost sloped edge of the opposite stave, 
will bo tho internal head diameter; or twice the disfance 
at e may be deducted from the bung. If only three 
dimensions are taken, the corks may be dispensed with; 
but in ullaging standing casks, they will be found es- 
treraely convenient. 

For taking the dimensions of lying casks, a common 
pairof callipers may be made by any carpenter, as annexed. 
, kbc, e/q, are precisely like 
1 carpenter's square. The 
irms bh, ef, may be an inch 
square, and 2 feet 6 inches 
long ; the blades be, /q, about « of an inch thick, and an 
inch broad. At c and q two pieces are fixed at right 
angles, the distance cd being 4 inches. In the face of the 
arm 67c, let a groove be ploughed and worked under with 
a side tool, to a dove-tailed shape, like the section shown 
at jji. The under side of the arm e/ is to be cnt to match 
it like the section shown at «. The arm ef will now slide 
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along the arm hk ; in fact, it would be preferable if it were 
cut like a slide-rule, but carpeDters have not tools for 
effecting this. One ineh from a (which is opposite to rf) 
make a mark, and place a cipher 0. Then from to /; 
will be 25 inches ; divide this into inches and tenths, and 
number it from towards k. On the arm ef at the point 
opposite to A make a mark, and 1 inch from it toward e 
place 25 ; then divide the space from 25 to e into inches 
and tenths, and number them backward. When this arm 
is made to slide in the other, and drawn out to measure 
the length or bung diameter, the number standing oppo- 
eite the end k will denote such length or hung diameter. 

To find the content of a large circular vessel, that ap- 
pears to bnlge irregularly, by an odd number of equidis- 
tant diameters. 

178. Let tbe vessel be the cask on page 169, and let 
there be taken 9 diameters, commencing with the head, 
level with e, and proceeding with one between that and D, 
down to the bottom, which suppose to he 80, 83, 86, 88, 
90, 89, 87, 84, and 81 inches, and the depth of the vessel 
96 inches, consequently, the common distance of the dia- 
meters 12 inches. 

Place in a line the letters x^ 4e= 20= 

Under a" place the square of the first or top diameter; 
under 4e' the square of the second diameter; under 2o' 
the square of the third diameter ; under 4e' the square of 
the fourth diameter ; and so on, alternately, to the last, 
the square of which place under a?, along with the other 
eitreme. Add together the three columns separately, 
and multiply that under 4c' by 4 ; and that under 2o' 
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by 2. Add the three together, multiply by the 
interral, and divide by the cone divisor. 



6400 


6880 


7396 


6561 


7744 


8100 





7921 


7569 


1,2961 


7065 





118440 

46130 
12961 

177531 X12^1059.108 =2011J gallons. 

This, it will be seen, is merely a modification of the 
geoeral mle for frustums. For, let the diameters, taken 
iu order, be a, h, c, d, e, &c. Then, taking three at a 
time, we have a'-|-46>+c=; c= + 4rf^ + e=; (^ + 4f» 
+ g", &e, ; that is, a" -J- 4h' ^ 2<? + id^ -{- 2^ -\- 4/» 
-\-g^; namely, the square of the extremes, plus'4 times 
the square of the even diameters, plus twice the square of 
the remaining odd diameters. By the slide-rule the con- 
tent may be found by taking it as three successive frus- 
tums. The same rule obviously applies to the uUagiag 
of a standing cask. 

KXAMFLE. 

179. The depth of liquor, in a cask partly filled, is 20 
inches; five equidistant diameters, measured from the sur- 
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face downward, are 28, 27, 26, 24, and 22 i 
quired the content. 



5220 
1268 
1352 
7840 X 5 -- 1059.108 = 37 gallons. 

For ullagiag a Jjing cask, tlie following rule may be 
employed. 

From 10 times the wet inches, subtract the hung ; mul- 
tiply the remainder by the content, and divide hy 8 times 
thebuDg; the quotient gives the liquor in the cask; i.e. 

(low — B)0 



To find the content f \essels whoso bases are nearly of 
an ell pt cal form prueeed for tho area of the base as di- 
rected on page 1_<) and (after multiplying by the com- 
mon distance ot tl o d mtes,) instead of dividing by 3, 
midt fly by the depth of the vessel, and divide by the 
py am d div sons the e being equal to 3 times the prism 
divisors If the vessiel also bulge up the sides, take an 
odd nnmher of equidistant areas, and proceed as in the last 
example Vnd thus i aj any solid be meaBured ; always 
observing, that when equidistant areas are taken, tiiep^ra- 
mid divisors must bo employed ; and when the squares of 
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equidistant diameters are used, the cone divisors must be 
selected, for the obvious reason that thrice the latter re- 
duce squares to circles. 



TIMBEE MEASURE. 

To find the superficial content of a plank. 

Take the length in feet, and the breadth in inches ; 
then divide (by 12) the product of the dimensions. If 
the board tipers regularly, take half the sum of the end 
breadths for the mean breadth. 



180. A plank 16 feet 6 inches long, is 10 inches broad 
at one end, and IS at the other : what ia the content ? — 
Hero 14 is the mean breadth. Then to 12 of A set 16i, 
and under 14 is 19i square feet.* 

" It ia mucli to be regretteii that tbe foot is not divided into 
100 eqnal parts instead of 96, 08 at present, Tlia mode of work- 
ing duodecimals, though simjile enough in itself, ofteu lends to 
confnsion, from the singular names given to the result. Thus, 
a piece of wood meusures 9 feet 5 inches b; S feet 3 inches, which 
mulUplied together, according to the prescribed roles, gives 
what are called 84 feet 6 mclies and i parts. Now, these inches, 
aa they are termed, are merely twelftJis of a ji/^sijfciai foot ; and 
these parts, twelfths of such twelfths ; that is, duodecimal frao- 
dons, each number decreasing in a twelvefold proportion from 
left to right, as decimal fractions decrea.se in a tenfold propor- 
tion. The name of inches, given to tlie G, conveys no kind of 
idea ; for thej are neither inches nor feet, but a mixture of Ibe 
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To find the content of hown or four-sided timber. 

Take the lengtli in feet, tlie breadth and thickness in 
inches. Find a mean proportional between the breadth 
and thickness ; then divide (by 12') the length multiplied- 
by the si^uare of the mean proportional. If the tree 
tapers regularly from end to end, find the mean pro- 
portional between the mean breadth and t 



181. A log of wood is 23 feet 6 inehes long, 15 inches 
thick, and. 22 broad : required the content. — Over 15 of 
Dsetl5,and under 22 is 18.17, a mean; then over 12 of 
D Bet 23i, and over 18.17 is 53| solid feet. 

182. The length of apiece of timber is 23.8 feet; the 
breadth at the greater end is 20.18 inches, at the less 
16.42 inches; the thickness at the greater end is 14.12 
inches, at the less 10.48 inches : required the content. — 
Here 20.18 + 16.42 ^ 36.6, the half of which = 18.3 the 

two, the content being, in reality, 34 square feet, together with 
anoUier piece, 1 foot long and 6 inches broud; and another, 1 
foot long, and - of an inch bi'oad ; a square foot, in fact, being 
the integer, and the others succesaive twelfths. For tlio car- 
penter tho proaont nomenclature answers woU enough, as he 
perfectly understands that it is a trifle more than Zi feet and a 
half, which ia autBcient for hia purpose. But a miaeonoeplioa 
of i'k^ priacipU of duodecimals, carried out by unskilful people, 
has led to the wildest confusion ; for even in some works on 
arithmetic, designed for the instTUCtion of the young, oooura tlie 
uairaaginable probleni of multiplying half-a-crown by iialf-a- 
crown ; the result of which notable aoMeyement is stated to be 
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menu breadth ; also, 14.12 + 10.48 = 24.6, the half of 
which = 12.3. Over 12.3 of D set 12.3, and nndet 18.3 
is 15, a mean proportional : then, over 12 of D set 23.8, 
and over 15 is 37.2. 

To find the content of round tiraher. Take the length 
in feet, and the girt in inches ; then divide {by 12») the 
length multiplied by the square of the quarter girt. 



183. Required the content of a tree 48 feet long, the 
girts at the ends being 60 and 18 inches. — Here 39 is the 
mean girt, i of which = 9.75. Then, over 12 of D set 
48, and over 9.75 is 31,7 feet nearly. 

The above rule gives only about jj of the true content, 
but is adopted in practice, as it compensates the purchaser 
for the waste of timber occasioned by squaring it. The 
following rule gives the true content very nearly. Divide 
(by 12^) twice the length, multiplied by the square of ^ 
of the girt. 

EXAMPLE. 

184. Required the content of the last-mentioned tree. — 
HeVe I of 39 ^ 7.8. Hence, over 12 of D set 96 (twice 
the length) and over 7.8 is 40.56 cubic feet. 

But neither this, nor the rule for squared timber, is 
quite correct, if the tree tapers, but is sufficiently so for 
ail practical purposes. 
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LAND SURVEYING. 




c 

D 
D 







Set up poles at A, B, C, and D, so that, standing at A, 
you can see B and D, the end of the sides whose meeting 
forms the angle ; and so of the others. And suppose the 
hedge to run on straight, or nearly so, from A to o, then to 
hend and run on straight to c, and so on. Form a field- 
book, aa on the right of the diagram, by ruling two lines 
down the middle of 'a page; and, in \ising tliiSj begin at 
the bottom and write upward, placing the main Hues iu 
the middle, and the offsets right or left, as they are on the 
right or left of the lice measured. Then, suppose you 
commence surveying at A ; let your attendant lead the 
chain toward B; and when he gets it extended, see that 
lie is in a straight line between yourself and B, directing 
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Lim by a wave of the hand, right or left, aceordiog as you 
wish him to move to one side, or the other. His position 
being correct, he is to place an arrow in the ground, and 
walli on til! the chain is agaiu extended, when he places 
another arrow, while jou take up the first; and so proeeed. 
But when JOU arrive at h, opposite to a, measure al>, (at 
right angles to AB,) with an offset staff, which may he a 
thin piece of deal 10 links long. Kow, suppose from A 
to h, 92 links, and al 32 links ; place the 92 in the middle 
column over A, and 32 on the left hand of it ; and so pro- 
ceed till yon arrive at the end of B, which suppose 384 ; 
set this down in the field-hook, and over it place the letter 
B, and above this draw a line across the page. The A 
being placed at the bottom, and B at the top, shows that 
the intervening numbers are the measures of the AB line. 
Proceed with the rest in like manner, making the circuit 
of the field, and returning to A. Then from A, measure 
the diagonal AC. With these dimensions plot the field 
from a scale of equal parts, (feather-edged plotting scales 
are best for this purpose,) and drop the perpendiculars 
Dm, Btc, and from the scale ascertain their lengths. These 
are set down underneath the diagram, as they are not sup- 
posed to have been measured in the field; but if a cross 
staff, or theodolite, be employed, they are to be taken 
while proceeding along the diagonal, and set down in the 
field-book, like oflsets, and then the'sides AD, DC wOl 
n t q e measuiing, supposing there are no offsets on 
th m — T find the area. Add together Dm, Bb, and 
mu[ ply their sum by AC. For the offsets; for the tri- 
ngl 1 ab, multiply AZi by ba. For the succeeding 
t ap d add together ab, cd, and multiply by bd; and 
EO p eed Then, as, in all these cases, this gives double 
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the area, add the whole together, halve the sum, and di- 
vide by the Dumber of linlis jd an acre, viz. 100,000, (that 
is, point off the 5 right-hand figures,) a(i<3 the content is 
in acres and decimal parts; the latter of which being 
multiplied bj i and 40, (which need not be set down,) 
gives the roods and poles. In taking the distances from 
the field-book, the numbers up the middle column, 92, 
208, &o., have to be subtracted from each succeeding, and 
the offsets, 0, 32, 36, &e., to be added together in pairs. 
The work will stand thus : — 

180 92 110 176 186 310684 



S88 
643 


""l94 
27e 


928 
696 


1056 
528 


408 
408 


6S36 
4488 


1164 
1552 


2944 


Ss 


6333 


4488 


2)232340 



1940 1.16170 

.64680 

210884 25,8720 
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TRIOONOMETEY AND NAVIGATION. 



Tub trigoiioiaetni"il slide 13 a slide oont'imiiip the loga 
rithmio sines and tangents, the furmer of whn.h work to 
the line D, and the latfer to the line A, which lines, as 
before explained, are al&o logarithmic But it is to he 
recollected, that it 11 the distances only that are loga 
rithmie, not the nunihers , hence, when the slide is laid 
eienly in, then the numhers on A are the natural tan- 
gents, and the numbers on D (he natural ames of the 
degrees marked on the =Iide when m any other position 
thej ire propo) (lonal to the natural &mesand tangents of 
thos-e degrees, and, therefore, if we set the first term of 
a proportion over or undor the second th th th' d w'll 
stand o\ er or under the fourth, the fif h 1 h 

sisth, and so on In making Ti^-e of h I 

three points may bo taken aa ridiua, eh h b 
middk, or end of the slido , but h m Idl p 
marked 4j°, will m practice be mo I 

UMng the ?ine slide, two points may b tik d 

either the beginning or the end of th 11 m y 1 

found neces'irj for preventing the n mb f m 
running Hiiiog alreiij given scve 1 { d 

the sector, and Naiigalion being cnl ppl n f 

Trigonometry, it will be snffit,ient her h w h m d 
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of working an example or two witt the slide-rule, which 
the student will find infinitely superior for the purpose. 
Take the tower at page 68. By the sine line, sin. 423 : 
200 : : sin. 47i : height, 

siu.42i _ mn.iU 
^'" 200 height ' 

Under 42 J of the sines bring 200; then under 474 is 
218.2, the height. 

By the tangent line, making AC radius— 

Ead. or tan. 45° : 200 : ; tan. 47j ; height; 

200 _ J!^^^ 
tan. 45 ~~ tanTf/T' 

Oyer 45 of the tangents set 200 ; then over 47 J is 218.2, 
the height, (as before.) 
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NAVIGATION. 



z ^ 5 

i ^ ^ ^ ": i 

^ ■": ^ ^ ^ ^ 
"^ '^ ^ 

^ ^ '^. ^ 

g " "! " '^ I 

a ■.= ^ S Z £ 

K H H ^ H K 

■^ i^ 3 is 

K z; g 
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PLANE SAILING. 



Plane sailing supposes the earth to be a plane, the meri- 
Sians parallel to each other, and tho lengths of degrees 
everywhere equal; and involves the consideration of four 
quantities, difference of latitude, nautical distance, de- 
parture, and course. Let K (diagram p. 48, disregarding 
the circle,) denote a point on the earth's surface, and KG 
its meridian. Draw a line from K to A, and suppose a 
ship to sail along it from K till she arrive at A ; then KA 
will be the distance sailed ; DA, the departure from the 
meridian J KD, the difference of latitude; and the angle 
DKA, contained between tho meridian and the rhumb 
sailed on, the course. The difference of latitude is thu8 
represented by a pertical line, the departure by a horizontal 
one, the distance by the hypothenusal line forming with 
the other two a right-angled triangle, and the course by 
the angle included between the difference of latitude and 
the distance. Then, if wo make distance radius, the de- 
parture becomes the sine, and the difference of latitude the 
cosine, of the course ; or, if diff. lat. be made radius, de- 
parture becomes tho tangent of the course. 

EXAMPLES, 

1. A ship sails 38° S., 255 miles W. : required the diff. 
of lat. and departure. Complement of 38° ^52°, then — 

Sin. 90 : 255 : : sin. 52° : diff. lat. : : sin. 38° : dep. 
Under 90 of the sines set 255; then — 

Under 52° is 201 miles, diff. lat. 
and under 38° is 157 miles, departure. 
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2. A ship sails from lat. 44° 50' N. between S. and E. 
till she baa made 64 milea of easting, and is then found 
to he in lat. 42° 56' N. : required the course and distance. 

44° 50' 

42 56 

1 54 = 114 nules, diff, kt. 



As 114 : rad. : : 64 : tan. of course. 
Under 114 set 45° of the tangeata, then under 64 is 
29° 20', the course. 

Again, sin. 29° 20' : 64 : ; sin. 90° : dist. 
Under 29° 20' set 64, then under 90° is 130.6 miles, 
distance. 

3. A ship in Jat. 45° 25' N. sails N.E.b.N. J E. till she 
comes to 46° 55' N. : required the distance and departure. 
N.E.b.N. J E.= 39° 22 J', eomp. of which ^ 50° 373'- 
46° 55' 
45 25 

1 30 = 90 miles, diff. lat. 
Sin. 50'37i': 

* As the learner is supposed by this time to be familior with 
the mode of operation, it will be BuiEoieat for the fiitnre to indi- 
cate the proportion, witliout repeating the "Jireotions for setting 
the slide. Thua, in the aboTe instance, under 50° 37 J' set 90 
miles, then under 3U° 22J' vfill be 73,8, and under 00° wiU be 
116.4 miles; and so of all otters, When the word rad. occurs 
as the first or second term, before adjuating the slide run the 
eje along the proportion to see if the word sin. or tan. follows. 
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EXAMPLES rOR PRACTICE. 

4. A stip saila from lat. 56° 50' N. on a rhumb be- 
tween S. and S. W. 126 miles, and is then found to be in 
lat. 55° 40' : required the course she sailed, and her de- 
parture from the meridian. — Ans. Course, 56° 15' ; 
departure, 104.8 miles. 

5. A ship in lat. 44° 5^ N. sails S. 29° 20' E. 130.8 
miles r required diff. lat. and departure. — Ans. 64 dcp. : 
114 diff. lat. 

6. A ship in kt. 45° 25' N. sails N.E.b.N. J E. 11C.4 
miles; required dep., diff. lat., and latitude come to. — 
Aas.74dep.j 90 miles, or 1° 30' diff. lat j and46''55'N. 
lat. eome to. 

7. A ship at sea sails from lat. 34° 24' N". between N. 
and W. 124 miles, and is found to have made 86 miles 
of westing : required the course steered, and diff. of lat,, 
or northing made good. — Ans. Course, 43° 54'; diff. lat. 
1° 29' ; 35° 53' N. lat. eome to. 

8. A ship in lat. 24° 30' S. sails S.E.b.S. till she Las 
made 96 miles of easting : required the distance sailed, 
and diff. of lat. made good. — Ans. Diff. lat. 143.7; dis- 
tance, 172.8 ; lat. come to, 26° 54' S. 



and use the sine or tangent line aooordiQgly. And in every 
case it will Ije advisable for the beginner to constpuot a diagram, 
aa nothing tends so much to make the operation perfectly un- 
derstood i nnd what is tlioronglilj understood iil the commence- 
ment is seldom afterwards forgotten. 
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TRAVERSE SAILING. 

When a ship sails upon several courses, the zigzag line 
she describes is called a traverse ; and the reducing the 
courses into one, and thereby finding the course and dis- 
tance made good upon the whole, is called the resolving 
of the traverse. For this purpose, construct a tabic of sis 
columns, in the first of which is the course, and in the 
second tie distance j then find the diff. lat. and dcp. for 
ea.ch course, and enter it N. or S., E. or W-, as it may be. 
Add up the columns separately ; the.diflerenco of the third 
and fourth will give the di£f. of lat., and the diff. of the 
fifth and sixth, the departure. Then, having obtained 
the total diff. lat. and dep. which the ship has made, find 
lonrse and distance. 



9. A ship from the equator sails N. 48, W. 37, N. \V. 18, 
N.E. 70, N.N.E. 24, and E. 32 miles: required her 
course, distance, and latitude reached. 



Course. 


Dist. 


Diff. 


Lat, 


Dcp. 


N. 


S. 


E. 


W. 


K. 


48 


48 


_- 


_ 


_ 














N.W. 


18 


12.72 






18.72 




70 


49.5 




49.5 




KN.E. 


24 


22.18 








E. 


33 


— 


~- 


SL 








90.08 


49.72 










49.72 




40.96 
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First she sails due N., and so will have no departure : 
there^re place 48 under N. 

Iler second course is due "W., and so she will have no 
diff. of lat. ; therefore place 37 under W. 

Her third course ia 45°, and therefore her departure 
and diff. of lat. will be equal. Over 18 place 90° of the 
sines, and under 45° is 12.72, which place underN. and W. 

Her fourth course is also 45°, and therefore her dcp, 
and diff. of lat. will be equal. Over 70 place 90°, and 
under 45° is 49.5, which place under N. and E. 

Her fifth course is 22i, cos. of which = sin. 67j. 
Over 24 place 90°, then under 22 J is 9. 18, her departure, 
which place under E. ; and under 67i is 22.18, her diff. 
lat., which place under N. 

Her last course is 32 due E., and so she will have no 
diff. of lat. : therefore place 32 under E. 

Add up the three columns. As there is no numher 
Standing under S. the diff. of lat. is 132.4 ^ 2° 12' N. 

Subtract the W. from the B., and the remainder is 
40.96 E. for the total departure : then— 

As 132.4 ; rad. ; ; 40.96 : tan. 17° 12', the course. 

Again, sin. 17" 12' : 40.96 : : sin. 90° : 138.6 miles, 
the distance. 

EXAMPLES rOR TRACTICE. 

10. A ship from Cape Clear, lat. 51° 25' N., sails 
SS.E. i E. 16, E.8.E. 23, S.W.h.W.J W. 36, W.f N. 12, 
and S.E.b.E. i E. 41 miles : required the equivalent course 
and distance, and the latitude of the place which the ship 
has arrived at. — Ans. Course, 18° 12' ; distance 62.75 
miles : hit. ia, 50° 25' N. 
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11. From Cape St. Vincent, in lat. 37° 2' N"., a ship 
Bailed S.W.b.S. 49, S.b.E. 56, S.E.b.E. 38, S.W. 84, 
NN.W. 72, and E.N.B. 24 miles : required the course, 
distance, and latitude come to.— Ans. Course, 26° 15'; 
distance, 112 ; lat. iu, 35° 22' N. 



PARALLEL SAILING. 

•^ nee tlie mer d ans n eet at the pol s t follows that 
the length of a degree on nny parall 1 of lat tudo dimi- 
n ahes as t rec de from the c {uator To '^ certain this 
1 n cut n when a es I sa Is on a parallel f lafjtade, 
changes her lon^ tudo nly ii the obje t >f parallel 
Ea 1 n^ Let FA (diagr m pige 4'^ ) represent the earth's 
s m as s rCB a quadrant of a mend in B apiinton 
the tquatnr C a p nt on the mer d an and cinae- 
iuently the arc CB r angle CAB the kt tude of C ; 
and I t th juadrant revol e on AF then the eircks 
d scr bed by th po nts C B or s m lar parts of them, 
w 11 be projort onal to the r raJ EC AP 

Now AB AC EC or AD rad eo-i CAB ; 
thdt d ffer nee of n^ tude or d stanc b twoen any 
two mend ans on the quator or parallel descr bed by B 
the d stance between those mer 1 ns on the parallel 
de cnbo 1 by C rid us the cos ne of the latitude ; or 
the lengths f legrees on d fferent jarall h \ary as the 
coi nes of the lat tud II nee f n iny r ght-angled 
tr anf,l VI L the c te angle t th base f \P, bo made 
equal to the lat tu le nd the length of the base AD equal 
to the departur or m r 1 an d stance or d stance be- 
twe nay two mer u ans oa pdTalltl of that latitude; 
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then the hypothenuae AC will be equal to tte arc of the 
equator, or tte difference of longitude corresponding to 
tliat meridian distance. 

EXAMPLES. 

12. Eequirod the number of miles contained in a degree 
of longitude, in lat. 55 N. 

COS. 55° = sin. 35°. 
sin. 90° ; 60 miles : : sin. 35" : 34.4 miles. 

13. A ship from lat. 42''52']Sr. in long. 9° 17' W. 
Bails due W. 342 miles ; required the longitude come to. 

COS. 42° 52' = sin. 47° 8'. 
sin. 47° 8' : 342 : t sin. 90° : 467, diff. long. 
467 ^ 7° 47' 
9 17 

17 4 W. long, come to. 

14. A ship sailed 224 miles upon a due W. course, and 
hj observation found she had differed her lon^tude 6° 18', 
or 378 miles: required latitude.. 

378 : sin. 90° :: 224 : sin. 36° 20'; 
and sin. 36° 20' = cos. 53° 40', the latitude required. 

15. Two ships in lat. 46° 30' N., distant asunder 654 
miles, sail both directly N. 256 miles : required their 
distance. 



50 46 N., lat. reached. 



,Google 



190 

Then COS. 46° 30' : 654 miles : : cos. 50" 46' ; or 
wn. 43° 30^ : 654 : : sin. 39° 14' : 601 mUes, the »3Js- 
tance. 

16, Two shipa in lat. 45° 44' N., distant 846 miles. 
Bail directly N. till the distance between them is 624 
miles : required the lat. reached and dist. sailed. 

Cos. 45= 44' = sin. 44° 16'; then 846 : sin. 44° 16' : : 
624 ; sin, 31°; and sin, 31° = cos, 39°, lat. come to. 
Then 59° 0' 
45 44 

13 16 = 796 miles, dist. sailed. 



i FOE PHACTICE. 

17. A ship in lat. 54° 20' N. saila directly W. on that 
parallel till she has differed her longitude 12° 43' : re- 
quired the distance sailed. — Ana. 446 miles. 

18. A ship from Cape Finisterre, lat. 42° 52' N., long. 
go 17' iv_^ sailed duo W. 342 miles : required the longi- 
tude come to.— Ans, 17° 4' W. 

19. A ship sails on a certain parallel directly W. 624 
miles, and has then differed her longitude 18° 46', or 1126 
miles : required the latitude of the parallel sailed on. — 
Ans. 56° 20'. 

20. A ship from a porf m lat 54° N soiled due E, 200 
miles; then, having run due b in unknown number of 
miles, sailed W. 250 miles, in I, by oh'-en ilion, found 
she had arrived at the meiidian tf the pirt she sailed 
from : required the lat come to, and distance run in tho 
S. direction. — Ans. 42° 43' lat come to, b77 miles run. 
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MIDDLE LATITUDE SAILING. 

M Jdl L d 1 IS tnp f plane and 

p 111^ d df d fjh departure to 

ml f I g d N w n w pi I not on the 

mpOlh ilff flgd reduced to 

If w f k i tlie higher 

p 11 1 w Id I m 11 d f t 1 wer parallel, 

gr T m w f d by taiing 

b m pi p 11 1 d ay between 

h w wb h Ii gh ly sufficiently 

1 p p I h 1 n of ques- 

f k d w b 1 1 1 her the two 

triangles treated of under Plane and Parallel Sailing, and 

resolve them separately, observing to begin with that in 

which two parts are given, and then the unknown parts 

of the other triangle wiil be easily obtained. See triangle 

ACK, (diagram, page 48.) By plane sailing, the angle 

at K is the course ; KD, the difference of latitude ; DA, 

the departure ; and KA, the distance sailed. By parallel 

sailing AD is still the departure, or meridian distance, on 

the parallel midway between the latitude left and latitude 

reached; CAD, the angle of the middle latitude; and 

AC, the difference of longitude. The following examples 

will illustrate the modes of solution. 



21. Bequired tho course and distance from the east 
point of St. Michael's, in lat. 37° 49' N., long. 25° 11' 
W., to Start Point, in lat. 50° 13' N., long. 3° 38' W. 
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SO'IS'N. 25°11'W. 

3T 49 N. 3 38 W 

1)12 24 = 744, diff. kt. 21 33 = 1293, diff. long. 

6 12 
37 49 

44 1 mid. lat,, complement of whieb ;^ 45° 59', 

Then sin. 90° : 1293 : : sin. 45'' 59' : 930, the departure. 
744 : rad. : : 930 : tan. 51° 20', the course = N. 51= 20' B. 
sin. 51° 20' ; 930 : : sin. 90° : 1191 miles, the distance. 
22. A ship from Brest, in lat. 48° 23' N., long. 4° 30' 
W., Bailed S.W. J W. 238 miles : required the kt. and 
long, come to. 

S.W, i W. ^ 53° 26', comp. of which = 36° 34'; 
Then 
sin. 90° : 238 : : sin. 36° 34' : 141,8 diff. kt.= 2° 22'. 



48° 
2 


23' M". 
22 












46 
1 


Hat. 
11 == 


come to. 
i diff. lat. 








47 


12 mid, lat. 


1 comp. of which 


= 42° 


48'. 


n. 42° 48' : 


238 


: : sin. 53= 


'26': 


282 diff, long. 






= 4= 
4 


' 42' W. 
30 W. 
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23. A ship from lat. 17° N., long. 24° 25' W., sailed 
N.W. i N. till, by observation, her lat. is found to be 
28" 34' N. : requited the distance sailed and long. 
come to. 

N.W. f N. = 36° 34', comp. of which = 53° 26'. 
28° 34' N. 
17 N. 





i)ll 

5 

17 


34^ 

47 



= 694 diff. lat. 








22 


47 mid. lat., comp. of which — 


67° 


13'. 


Then 


53° 26' 


:m 


l::8in.90° 


: 864 miles, the distance; 


and 


Bin. 67° 


■13' 
24 
33 


: 864 : : sin 
■ 18' W. 

25 W. 

43 long. CD 


. 36° 34' : 558, 
me to. 


diff. 


. long. 



EXAMPLES FOB PEACTICE. 

24. A ship from lat. 26° 30' N., long. 45° 30' W., 
sMled N.E, } N. till her departure was 216 miles: re- 
quired the distance run, and lat. and long, come to. — 
Ana. Diat, 341 miles; lat. come to, 30° 53' N.; long. 
41° 24' W. 

25. From lat. 43° 24' N,, long, 65= 39' W., a ship 
sailed 246 miles, on a direct course between S. and K., 
and was then, by observation, in lat. 40° 48' N. ; required 
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tlie course, and long. in. — Ans. Course, 50° 40' ; long, 
come to, 61° 23' W. 

26. A ship from Cape St. Vincent, lat. 37° 2' N,, long. 
9° 2' W., sails between S. and W.; the lat. come to is 
18° 16' N., and departtire 838 miles : required the course, 
distance run, and-long. come to. — Ans. Course, 36° 40'; 
dist. 1403 miles ; long, come to, 24° 48' W. 

27. A ship from Bordeaux, in lat. 44° 50' N., 0° 35' 
"W., sails between the N. and W. 374 miles, and makes 
210 miles of easting : required the course, and lat. and 
long, come to. — Ans. Course, 34° 10' ; lat. come to, 49° 
59' N., long. 5° 45' W. 

28. A ship from lat. 54° 56' N., long. 1° 10' W., 
sailed between N. and E. till, by observation, she was 
found to be in long. 5° 26' E., and had made 220 miles 
of easting: required the lat. come to, and course and 
distance run, — Ans. Lat. come to, 57° 34' N. ; course, 
54° 20'; distance, 271 miles. 

29. A ship from a port in N. lat. sailed S. E. i S. 438 
miles, and differed her long. 7° 28': required the lat. 
sailed from and come to.— Ans. Lat. sailed from, 51° 40'; 
come to, 46° 16'. 
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TO DETERMINE THE DIFFERENCE OF LONGITUDE 
MADE GOOD UPON COMPOUND COURSES, BY 
MIDDLE LATITUDE SAILING. 

With the several courses anJ distauoes find the latitude 
and departure made good and the ship's present latitude, 
as in Traverse Sailing. Take the middle latitude between 
the latitude left and latitude arrived at; then with the 
departure made by the traverse table, and the middle lati- 
tude, find the difiereoee of longitude by Middle Latitude 
Sailing. In high latitudes this method will be somewhat 
incorrect, and therefore it will be advisable to employ the 
more tedious mode of computing the difference of longi- 
tude for every separate course, which is most readily done 
as follows ; — Complete the traverse table, as before, to 
which annex five columns : in the first put the several lati- 
tudes the ship is in at the end of eaoh. course and distance j 
in the second, the sums of each consecutive pair of lati- 
tudes; and in the third, half the sums, or middle latitude ; 
then find the difference of lon^tude answering to each 
separate middle latitude, and its correspondiag departure, 
and place it in the fourth or fifth (namely the east or 
west) difference of longitude columns, according as the de- 
parture is east or west : then the difiereuce of the sums 
of the east and west columns will be the difference of longi- 
tude made good, of the same name as the greater. 
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EXAMPLE. 



30. A ship from lat. 66" 14' N., long. 3° 12' E.,sa.ila 
NN. E. k E, 46, N. E. i E, 28, N. i W. .52, N. E. t. E. i B. 
57, and E. S. E. 24 miles : required her coarse, and longi- 
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EXAMPLES rOK PKACTICE. 

SI. If a ship sail from the Naze, in lat. 57° 58' N., 
long. 7" 3' E., W. N. W. 24, N. W. J W. 16, SS. W. 31, 
S. i E. 12, and S, W. J 8. 20 miles : required her lat. and 
long,— Ans. Course S. 56" 24' W-; lat. 57° 20'N.; long. 
b" 15' E. 

32. If a ship sail from the Cape of Sood Hope, lat. 
34° 29' S., 18° 23' E., N. W. 25, N. i W, 21, NN. E. 
i E. 35, N. W; i W. 40, and N. b. E. 18 miles : required 
her lat. and long. — Ans. Lat. 32° 37' S., and long. 17° 



MERCATOR'S SAILING. 
In Mercator's Sailing, so called from the name of its 
inventor, Gerard Mercator, the earth is conceived to be 
projected on a plane. In this projection, the meridians 
are parallel to each other, and, eonsequeotlj, all places 
upon it are distorted, and the more ao as they approacb 
the poles; but, to compensate for this distortion, the de- 
grees of latitude are everywhere increased in the same 
proportion as those of longitude ; and, consequently, the 
bearings between places, and the proportions between the 
latitude, longitude, and nautical distance, will be the same 
ae those on the globe. To esamine into this proportion, 
let us refer again to diagram, page 48. It was shown, in 
parallel sailing, that any arc described by C is to a similar 
arc described by B as AD to AC. But AD : AC : : 
AB : AG ; consequently, any arc described by C is to 
any similar arc described by B as AB is to AG ; that is, 
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aa radius is to the secant of the latitude. If, therefore, as 
in Mereator's Projection, the meridiana are everywhere 
equidistant and n ^u ntly h parallel of latitude 
equal to tb ju t th n th 1 ng h of any are, as of a 
minute, or a d n any p U 1 is elongated beyond 

its just prop t n n th am rat as the seeaat of the 
latitude of th t parall 1 sue d adiuB. Therefore, to 
keep up the p p t n fn th and southing with that 
of easting and westing, the length of a minute upon the 
nioridian at any parallel must be increased beyond its just 
proportion in the ratio of the secant to radius. Conse- 
quently, the meridional parts of any given latitude are 
found by adding together the natural secants of successive 
minute portions of that latitude ; and the smaller these 
are taken, the more correct will be the table so formed. 
One sufficient for the purposes of the Slide-Rule is here 
given. 

TABLE OF MERIDIONAL TARTS TO E 
THE QUADRANT. 



' DEORBE Off 



^tgil 



To return tfl tbe diagram. Let the angle DAO be the 
course ; AD the difference of latitude ; AC the distance ; 
and DC the departure; then AB being the elongated, or 
meridional, difference of latitude, AG will be the eton- 
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^ted distance, and BG the elongated departure, that is 
the real difference of longitude. 

Now, AD : DC : : AB : BG; that is, Diff. Lat. 
: Dep. : : Merid. Diff. Lat. : Diff Long. 

And AB ; BG : : Rad. : tan. CAD ; that is, Merid. 
Diff, Lat. : Diff. Long. : : Rad. : tan. course. 

To find the meridional parts answering to any number 
of degrees and miniites, take proportional parts of the dif- 
ferences found by subtraction. 

EXAMPLES. 

33. Required the meridional parts answering toS?" 43', 
viz. 37**. 



75 Then 2393 

43 + 54 

225 = 2447 merid. parts for 37" 43'. 

300 — 

6,0 ) 322,5 

54 nearly, 

34. Required the meridional parts for 27° 58'. 

28° = 1751 

27° =^1684 Then 1751 



^ 1749 merid. parts for 27° 58'. 



6,0 ) 13,4 
2 
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35, Eequireii the Qumber of degrees answering to 3625 
meridional parts. 

3665 = 52° 3625 

3569 = 51" 3569 



66- 



; 56 : 35', 
.-. 3625 = 51° 35'. 



EXAMPLES IN MERCATOR S SAlLINa. 

36. Required the course and distance from the east 
point of tie Azores, lat. 37° 49' N., long. 25' 11' W., to 
Start Point Ie !at. 50" 13' N. long. 3° 38' W. 
25" 11' W. 50° 13' N. Meridional porta = 3*95 

3 38 W. 37 49 N. '■ =2451 

2188=1293inileal2 24 = 744 maes diff. lat. 1041 merid. 
— ■ diff. long — . (liff. kt. 

Then 1041 ; rad. : : 1293 : tan. 51° 10' course, whose 
coinp. =38°50'; 

and sin. 38° 50' : 744 : ; sin. 90° : 1186, the distance. 
Compare this with Example 21. 
37. Ashipsailsfroffilat.38°47'N., loDg.75°4'W.,267 
miles N. E. b. N. : required the ship's present place. 

N. E. b. N. ^ 33° 45' oourae : comp. of which = 56°15' 
sin.91°:267 : : sin. 56° 15' : 222diff. lat.= 3°42'N'. 
38 47 N. 

42 29 lat. 

come to 

42" 29' merid. parts = 2821 
88° 47' " = 2528 
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: 293 : : tan. 33" 45' : 196 diff. long. = 3= 16' E. 



71 48 long, in. 

38. A ship from Nova Scotia, in lat, 45' 20' N., long. 
60° 55' W., sailed S. E. i S., and, by observation, was 
found to be in lat. 41° 14' ^. : required tbe distance 
sdled, and long, come to. 

S.E. i S.=42°ir coarse, whose comp.=^47° 49'. 
45° 20' merid. parts = 8058 
41 14 do. ^2720 

4 6 = diff. lat. 338 merid. diff. lat. 

Had. : 338 :: tan. 42° 11' : 306 diff. long. = 5° 6'. 
60° 55' W. 
5 6 E. 

55 49 \V. long. in. 
Sin. 47° 49' : 246 : : sin. 90° : 332, distance. 

EXAMPLES FOR PRACTICE. 

39. Eequired tbe direct course and distance between 
the Liaard in lat. 50° 0' N., and Port Eoyal, in Jamaica, 
in lat. ir 40' N., differing in long. 70° 46', Port Eojal 
lying so far to the W. of the Lizard. — Ans. Course, 60° 
33'; distanoe, 3645 miles. 

40. Suppose a ship from tbe Lizard, in lat. 50° N., sails 
S. 35° 40' W. 156 miles ; required lat. come to, and bow 
much she has altered her longitude. — Ans. Lat. oome to, 
47°53'N.; diff. long. 2= 19'. 
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41. A ship in lat. 54° 20' N. sails S. 33° 45' E., until, 
by observation, she is found to be in lat, 51° 45' N. : 
required the distance sailed, and the diff. long. — Ana. 
Distance, 186.4 miles ; diff. long. 2° 52' E. 

42. A ship from lat. 45° 26' N. sails between N. and E. 
195 miles, and then, by observation, is found to be in lat. 
48° 6' N. : required the direct course, and diff. long. — 
Ans. Course, N. 34° 52' E., or N. E. b. N. 1" 7' E. ; diff. 
long. 2° 43' E. 

43. A ship front lat. 48° 50' N. sails S. 34° 40' E., till 
her diff. long, is 2° 44' : required lat. come to, and dis- 
tance sailed. — Ans. Diff. lat. 2° 41' ; distance 196 miles. 

44. A ship from 54° 36' N. sails S. 42° 33' W., until 
she hSs made 116 miles of departure; required the lat. 
she is in, her direct distance sailed, and how much she 
has altered her longitude. — Ans. Lat. come to 52° 30' ; 
distance, 171.5 miles; diff. long, 3° 15'. 
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TO DETEEMINE THE DIFFERENCE OF LONGITUDE 
MADE GOOD UPON COMPOUND COURSES, BY 
MERCATOR'S SAILING. 
With tbo sevoral courses and distances, find the latitude 
and departure made good, and the ship's present latitude, 
as in traverse sailing. Take the meridional differeaee of 
latitude between the latitude left and latitude arrived at. 
Then, with the course made good by the traverse table, 
and the meridional difference of latitude, find the difference 
of longitude by Mercator's Sailing. In high latitudes, 
this method will be somewhat incorrect; and, therefore, 
it isill be advisable to employ the more tedious mode of 
computing the diffureuoe of longitude for every separate 
course, whieh is most readily done as follows : — Complete 
the traverse table as before, to which annex five columns. 
In the first, put the several latitudes the ship is in at the 
end of each course; in the second, the meridional parts 
corresponding to each latitude; and in the third, the dif- 
ference of each consecutive pair of meridional i)art3. 
Then find the difference of longitude answering to each 
separate course, and its corresponding meridional differ- 
ence of latitude, and place it in the fourlh or fifth (viz. 
the east or west) difference of longitude columns, according 
as the course is east or west; then the difference of the 
sums of the east and west columns will he the difference 
of longitude made good, of the same name as the greater. 

EXAMPLE. 

45. A ship from lat. 66° 14' N., long. S° 12' B., aails 
NN. E. i E. 46, N, E, J E. 28, N. J W. 52, N. E. b. E. i 
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E. 57, and E. S. E. 24 miles : required her course and 
longitude in. 
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EXAMPLES rOR PEACTICE. 

46. A sLip from iat. 57°30'N., long. ViTW., 
SS. E. 48,S.W.b. S. 5i, E. b. S. 71, N. E. 63, and W. 
50 miles : required the Iat. and long, of the place 
to. — Ans. By 1st rule, Iat. come to, 56° 50' N., 
2' W. 



N.W. 
long. 
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47. Four days ago, we took our departure from Faro- 
head, in lat. 58° 40' N,, and long. 4° 50' W., and since 
have sailed as follows :— N.W. 32, W. 69, W. N. W. 93, 
W. Id. S. 77, S.W. 68, and W. f S. 49 miles ; required 
our present lat. and long. — Ans. By Eule 2, lat. come to, 
68=35'; long. 15= 54' W. 



OBLIQUE SAILING. 

Oblique Sailing is the application of ohliqne- angled 

piano triangles to the solution of problems at sea ; and is 

particularly useful in going along shore, and surveying 

coasts and harbours. 

EXAMPLES. 

48. Coasting along the shore, I saw a cape bear from 
me NN. E. ; then I stood away N.W. b. W. 20 mOes, and 
observed the same cape to bear from me N. E. b. E. : 
required the distance of the ship from the cape at her last 
station.* See figure, page 72. 

Sin. 33° 45' : 20 : : sin. 78=' 45' : 35.3 mUes. 

49. A point of land was observed, by a ship at eea, to 
bear E. b. S. ; and after sailing N. E. 12 miles, it was 
found to bear S. E. b. E. It is required U> determine the 
place of that headland, and the ship's distance from it at 
the last observation. See figure, page 78. 

Sin. 22° 30' : 12 : : sin. 56° 15' : 26.1. 

50. At noon, Dungeness bore N. b. W., distance 5 
leagues ; and having run N. W. b. W. 7 knots an hour, at 
5 P. M. we were up with Beachy Head ; required the dis- 
tance of Beaeby Head from Dungeness. — Ans. 26.6 miles. 
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WIKDWARD SAILING. 
Windward Sailing is the method of gaining an intended 
port by the shortest and most direct method possible, when 
the wind is in a. direction unfavourable to the conrao the 
ship ought to steer for that port. In order to attain thia 
point, it is evident that the ship must sail on different 
tacks ; and, therefore, the object of this sailing is, to find 
the proper courses to be steered on each board, that the 
vessel may arrive at the intended port with the least delay 
possible. By the term board is to be understood the 
shifting of the direction, or alteration of the course. Thus, 
if a vessel sails 'on two boards, she shapes out the letter 
V; if on three boards, the letter N ; and so on. 



51. A ship is bound to a port 48 miles directly to the 
windward, the wind being SS.W., which it is intended to 
reach on two boards ; and the ship can lie within 6 points 
of the wind ; required the course and distance on eaoh 
tack. 

Describe a circle, and from the centre, which call A, 
draw a line in a SS.W. direction, to represent the direction 
of the vi'md, and call the lower extremity of this line B, and 
let it represent the port intended to be reached. Then 
the wind blowing from B to A, and A being the position 
of the ship ; from A, to the left of the line BA, draw a 
line, making with it an angle of 6 points, or 67° 30' ; 
this will, of course, he due W. From the centre of the 
circle A, to the right of the line AB, draw another line, 
making with AB an angle, like the other, of 67° 30'. 
This line will be south-east. From the point B, parallel 
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to thia last line, draw a, line, cutting the one tunciiig 
west, ia a point, which call C. Then AC will be the 
course of the ship on the first board, and CB that on the 
second. Now, the angles at A and B will be each 67^", 
and at C 45°, opposite which is the line AB, 48 miles. 

Then, sin. 45° : 48 miles : : sin. C7i= : 62.7 miles, the 
distance to be sailed on each board ; so that she will have 
to sail 125.4 miles to make 48, 

52. The wind at N W , a ship bound to a port 64 miles 
to the windward, proposes to reach it on three boards, tft j 
on the starboard, and one on the larboard tack, and each 
within 5 points of the wind required the course and dis 
tance on each tack 

Describe a circle, and from its centre, which call A, 
draw a line in a N W Jireition, to represent the dir i 
tion of the wind, and let its upper extremity denote the 
port intended to be reached, which call B, From A draw 
two lines, one to the left and the other to the right of the 
line BA, each making with it an angle of 5 points ; con- 
seqnentlj, the first will pass through the W. b. S. rhumb, 
and the second through the N. b. E. Call the lower ex- 
tremity of the line passing through the S. b. W. rhumb, 
C; the upper estremity of the other, D. From B draw 
a line to the right of the line BA, parallel with CA. Bi- 
sect BA, in a point, which call E. Draw a line from E 
to C, parallel with the line DA, and prolong it upward 
till it outs the lice mnniug right lif B, in a point, which 
call F. Then, in the trianglo EAC, the angles at A and 
C are each 5G° 15', and the angle at E 07" 30', and the 
line EA is 32 miles. Therefore, sin. 56° 15' : 32 : : 
sin. 67= 30" : 36.25 miles = AC, BF, CE, or BF, and 
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twice 36.25 ~ 72.5. Hence, she must first sail W b. S. 
36i miles, then N. b. E. 72j miles, then W. h. S. 361 
miles. 

It may he here ohserycd, that whatever number of 
boards it may be found expedient a ship should make, the 
sum of the distauces on each tack will be the same aa if 
the place had been reached on two boards only. 

53. A ship is bound to a port 26 miles directly to wind- 
ward (the wind being N. E.,) which it is intended to reach 
on two boards, the first being on the larboard tack, and 
the ship can lie within p n f th w nd q d th 
course and distance on ! ( k — in C n th 
larboard tack, E. S. E. n th t b d NN W d 
tance on each board, 34 m I n ly 

54. The wind at N J E a h p b und t a p t 
bearing NN. E,, distan 63 nl whht pp A 
to make at four boards th a t wh h t w tw 1 
trends NN. E. also; s that th h p mu t ^ ah t 
soon as she reaches th t a ght Id j n ng th p t 
required the course and d tan n a h b It! h p 
making her way good w th n 6 p nt f th w nd — 4n 
Course on the larboard taktNEjE nth t 
board, N. W. b. W. OV fir t and th rf d tan 4 S 
miles; second and fourth d tan m 1 

55. A ship close haul d w th n 5 p nt f th w nd 
and making 1 point of! wy 1 ndtaptbang 
SS. W., distant 54 rail h w nd b S b E t 
intended to make the p t t tl b d th fir t f 
which must be on the 1 b d ta k n d to a da 
reef of rocka : required th uj and distance on ea h 
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tack.— Ana. Course on the larboard tack, S- W. b. W. ; 
on the starboard, E. b. S. ; distances on the larboard 
tack, each 87.45 miles; distance on the starboard tack, 
42.4 miles. 



CUKREXT SAILING. 

When a ship sails exactly with the current, her velocity 
will, of course, be accelerated ; and, when in due opposi- 
tion to the current, it will bo retarded by the difference 
of the velocities of the wind and stream. When she is 
urged by the wind in one direction, and by the current in 
another, her course, agreeably to the law influencing all 
bodies acted upon simultaneously by two forces, will lie 
in the diagonal of the parallelogram formed bj those forces; 
that is, will be the third side of a triangle of which the 
drift of the current and the action of the wind form the 
other two, the angle between them being known. 

N.B. That point of the compass to which a current runs 
is called its setting, and its rate per hour is called its drift. 

EXAMPLES. 

56. A ship sails by the compass directly S. 96 miles, 
in a current that sets E. io miles in the same time : re- 
quired the ship's true course and distance. 

Describe a circle, and from its centre, which call A, 
draw a line in a south direction, and make it equal fo 96 
from a scale of equal parts, and call the lower extremity B. 
From the point B, in an easterly direction, draw a Hoe 
equal to 45, from the same scale, and call its estremity C. 
Join AC. The angle BAG will be the course, and C the 
point at which the ship will have arrived. Then, 
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96 ; rad. : : 45 : tan. 25° T, the ship's course r= 

SS. E. 2° 6', easterly. 

And, sin. 25° 7' : 45 : : sin. 90° : 105,9 miles, distance 

sailed. 

57- A ship has made hy the reckoning N. J W. 20 

roilcs, hut, by observation, it is fonod that, owing to a 

current, she has actually gone NX. E. 23 miles : required 

the setting and drift of the current in the time which the 

ship had been running, — Aus. Sotting, N. 64° 48' E., 

drift, 14.1 miles. 

58. A ship from a port in lat. 42° 52' N., sailed 8. b. 
W. J W, 17 miles in 7 hours, in a current setting be- 
tween the N. and W, ; and then the same port bore E. 
N. E,, and the ship's latitude, by observation, was 42° 42' 
N. : required the setting and drift of the current, — Ana. 
Setting, 71° 55', drift, 2,9 knots an hour. 

59. A ship, hound from Dover to.Cal^s, lying 21 miles 
to the S. E. b. E. J E,, and the flood-tide setting N. B. J 
E. 2 J miJcs an hour : required the course she must steer, 
and the distance run by the log, at 6 knots an hour, to 
reach her port. — Ans. Course, 39° 14'. Distance to be 
run 19.4 miles, 

60. From a ship, in a current, steering W, S. W. 6 
miles an hour by the log, a rock was seen at 6 in the 
evening, bearing S. W. i S. 20 miles. The ship was losl 
on the rock at 11 p. M, : required the setting and drift 
of the current.— Ans. Setting, S. 75° 10' E., drift 3.11 
miles per hour. 
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OF 1 'illlP 5 JOT EN 4.L 

A jnurnal s a rej. t«r if t ans c ons occuirng on 
b ard a h p aud sho Id c nia u a part cul^r deta 1 of 
every tb nj, relat v to tl e ua j,at nn of be e ae! — as 
tbe c ura w nls cur n ,& — hat h r s tua on may 
be known at any n tant at wb h t may be r [u red 
The con putat ons ade to le e m ne tbe place of a ah p 
from the courses aai d stance run n "4 hour^ are ca led 
a day s work an 1 the ]& uJe and lon^ tnde ot a sh p 
deduced therefrom are called the lat tude and long tude 
in, b^ account, or, Vy cUtul rcckonijKj, in contradistinction 
to tbe latitude and longitudolis determined by observation. 
At tbe time of leaving land, the bearing of some known 
place is to be observed, and its distance found, either by 
observation, or by taking its bearing at two different 
times, ham two different places, and determining its dis- 
tance accordingly. The log-book, which is to contain a 
daily transcript from tbe log-board, is to be divided into 
7 columns. In the first, put the hours; in tbe second 
and third, the knots and fathoms sailed per hour; in the 
fourth, the courses ; in the fifth, the winds ; in' the sixth, 
the leeway; and in the seventh, any remark that may be 
thought necessary. It ia better, however, to omit the 
leeway column, and, on transcribing from the log-board, 
to make the proper allowance, and to enter the amended 
courses only, in the log-book. After this, allow for the 
variation, and bring them into a traverse table. Find the 
ship's distance, difierenoe of latitude, and departure, by 
plane sailing; then, by Meroator's, or middle latitude 
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The departure is taken from the Liiar(!,*t 10 a.m. 
The bearing is N. E, * E., distance 15 miles. Now, the 
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opposite point is S.W. i W., and the yariation, 2J points, 
beiDg aHowed.to tlie left hand, because it is westerly, 
gives SS.W., the true bearing of the ship from the 
Lizard ; so it will be SS-W., 15 miles. The course the 
ship has been going, is W. b. N., which, corrected for 
variation, is W.S.W. } W.; and the distance run from 10 
A. M. to noon, is 16 miles. Now, insert these in a tra- 
verse table, as under, and find the diff, lat. and departure 
to each course and distance by plane sailing. Hence the 
diff. lat. and departure made good will be obtained, with 
which the course and distance from the Lizard will be 
determined. Then, with the departure and middle lati- 
tude find the difference of longitude. 



TRAVERSE TABLE. 



CoUtBCB. 




Diff. Lat. 


Departarc. 




N. 


s. 


B. 


W. 


SS.W. 

W.S.W.JW. 


15 
16 




13.9 
4.6 




5.7 
15.3 


S. 4S=WW. 


28 


18.5 


21. 



49 89 Int. in. 

9 = J diff. lat. 

49 48 mid. lat, = eomp. 40° 12', 
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18,6 : rad. ; : 21 ; tan. 48° 40', the course. 
Bin. 48" 40' : 21 : ; sin. 90" : 28, tte distance. 
Bin. 40° 12' : 28 ; ! sin. 48° 40' : 32,6 diff. long. = 83' nearly. 

Long, left 5° 16' W. 
Diff. long. 33 W. 



2 
* 


A fresh gale. p.m. 
A sail upon tlie lee-beam. 

Do. Weather, nnd clear. 
Variation 2J points Vf. 
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II 
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s 
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la ■ : : ; 


lj 
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Sa 
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The several courses being corrected for variatioBj the 
diff. lat. and departure, answering fo each course and 
disfance, will he as under. 



.„ 




Dlff. Ut 


..,.tu.. 1 




N, 


s. 


., 


w. 


S.W. i w. 
S.W. J s. 
SS.W. i w. 


50 
108 
56 




31.7 
83.6 
49,4 




88.S 
26.4 


S. 38'52'W. 


212 


1646 


133.5 



46 64 tf. lat. in. 
1 22 = } diff. kt. 

48 IGmid. lat. = comp. 41''44'. 



Sin. 41" 44' ; 212 : : s 

Teaterdflj's long. 5° 48' W. 
Diff. long 3 20 W. 



8= 62', the course. 
1° : 212, the distanie, 
: 200 di£f. long. = 3° 



9 8 W. long, in by m 
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RECAPITULATION. 



QUESTIONS ON TABLE L 

1. The diameter of a circle ia 9 inches : what is the 
circuraferenee ?— Ans. 28.27. 

2. What is the side of an equal square ? — Ana. 7.97. 

3. The circumference of a circle is 23 inches : what is 
the diameter?— Ans. 7.32, 

4. What is the side of an inscribed squfiie ? — Ans. 5.17. 

5. The side of a square is 18 : what is the diameter of 
an equal circle? — Ans. 20.3. 

6. What is the circumference of an equal circle ? — 
Ans. 63.8. 

7. The area of a circle ia 24 : what is the area of its 
inscribed square ? — Ans. 15.27. 

8. The area of a square ia 24 ; what is the area of its 
inscribed circle? — Ans. 18.85. 

QUESTIONS ON TABLE II. 

9. The diameter of a circle is 25 inches : what is the 
side of an inscribed equilateral triangle ? — Ans. 21.65. 

10. Of an inscribed pentagon ? — Ana. 14.69, 

11. Of a circumscribed decagon ?— -Ans. 8.12. 

12. Of an inscribed uodecagon ?— Ans. 7.04. 

13. Of a circumscribed dodecagon ? — Ans. 6.69, 

14. The diameter of a circle is 12 inches : what is the 
wde of a square inscribed in it ? — Ans. 8.48. 
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15. A circle, whose diameter is 9 J inches, has a regular 
hesagon surrounding it; what is the length of each side ? 
— -Ans. 5.33. 

16. An octagonal tower measures 7 feet along each 
side ; what will be the diameter of a circle surrounding 
it?— Ans. 18.3. 

17. What is the length of the longest line that can be 
drawn within a dodecagon, each of whose sides is 7 feet 7 
—Ana. 26.13. 

QUESTIONS ON TABLE III. 

18. The side of aa equilateral triangle is 7 : what is 
the area? — Ans. 21.2, 

19. The side of a regular pentagon is 7 : what is the 
area?— Ans. 84.3. 

20. The side of a regular heptagon is 7 : what is the 
area? — Ans. 178. 



21. The side of a regular nonagon i 
irea?— Ans. 302,9. 



.s 6 : what is the 



23. The side of a regular hexagon is 47 inches : how 
many sc[uare feet does it contain ?— Aas. 39,86. 

24. What is the area, in square yards, of an undecagon 
whose aide measures 17.9 feet ? — Ana. 334. 



QUESTIONS ON TABLE IV. 

25. A bullet, let fall from a balloon, was half a minute 
before it struck the earth : how high was the aeronaut at 
the moment it was dropped ? — Ans, 4825 yds., or 2 J miles. 

26. When the same balloon had attained an altitude of 
4 miles, or 7040 yards, another bullet was let tall i how 
many seconds was it in descending? — Ans. 36i seconds. 
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27. What is the height of a precipice, if a stone is 
7 seconda in falling from the top to the bottom ? — Ana. 
788 feet. 

28. A string, with a bullet at the end, being suspended 
from a hook in the ceiling, is found to vibrate 64 times 
per minute : what is the distance from the book to the 
centre of the bullet ? — Ans. 34.4 inches. 

29. How often will a pendulum, 100 inches long, 
vibrate per minute? — Ans. 37 J times. 

30. A revolving pendulum shapes out 52 cones in a 
minute : determine its length ? — Ans. 13 inches. 

31. The diameter of a circle is 60 inches : what is the 
area? — Ans. 2827J square inches. 

32. The diameter of a sphere is 9 inches : what is the 
convex surface ?— Ans. 25.45 square feet. 

33. The circumference of a sphere is 12 inches : what 
is the surface ?— Ans. 46.8 square inches. 

34. What is the diagonal of a square whose side 
^" 3 inches ?— Ans. 21.63. 



35. A cube measures 9 inches along the side : what 
will be the diagonal of tie face, and what of the cube ?— 
Ans. 12.72 diagonal of the faeo; 15.58 diagonal of the 
cube. 

QUESTIONS ON TABLE V. 

26. The diameter of a circle is 9 inches : how many 
square inches does it contain? — Ans. 63.6. 

37. Tiie diameter of a circle is 44 inches : how many 
square feet does it contain? — Ans. 10.55. 

38. The side of a square is 17.5 inches: required the 
area in square feet.— Ans. 2.126. 

39. The diameters of an ellipse are 12 and 10 feet : re- 
quired the area in square yards. — Ans. 10.47. 



,Google 



INSTRUMEHTB AND THE SLIDE-aULE. 219 

40. What ia the area in square yards of a cycloid, 
whose generating circle has a diameter of 3 feet ? — 
Ana. 2.356.. 

41. Required the surface of a cylinder, in sqoaro feet, 
the circumference of which is 29 Jaches, and height 42 
inches. — Ans. 8.46. 

42. The diameter of a sphere is 73 feet : what is the 
Burfacc in square rods ? — Ans. 61.5 nearly. 



QUESTIONS ON TABLE VI. 

43. A vessel in the shape of a square prism is 40 inches 
deep, and 12 inches square : how many solid feet does it 
contain ?— Ans. 3.33, or 3i feet. 

44. An inverted octagonal pyramid measures 5 inches 
along each side at the top, and is 13 inches deep : how 
many gallons will it contain F — Ans. 1.88 gallons. 

45. A dodecagonal pyramid measures 6 inches along 
each side at tbe bottom, and is 16.6 inches high: how 
many solid feet does it contain? — Ans. 1.29 feet. 

46. A cone of ice is 50 inches in perpendicular height; 
the diameter of its base is 10 inches : required its weight. 
—Ans. 43.9 lbs. 

47. A hollow sphere, 11 inches in diameter, is filled 
with tallow : required its weight. — Ans. 23.1 lbs. 

48. How much gimpowder would fill the same? — 
Ans. 23.4 lbs. 

49. The axes of an oblate spheroid are 20 and22 inches : 
how many gallons will it hold ? — Ans. 18.2 gallons. 

50. The axes of a prolate spheroid are 20 and 22 inches : 
how many gallons will it hold ? — Ana. 16.6 gallons. 

51. The axes of an elliptdo cylinder of solid gold are 4 
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and 9 inoiies; its depth 3 iuclies; what is its weight?— 
Ana. 60 lbs. avoir. 

52. The axes of an elliptic cone of braaa are 4 and 9 
inches; ita depth 8 inches: required its weight. — Ans. 
22,85 lbs. 

53. A paraboloid of zinc is 14 inches high ; the radius 
of its base 5 inches : required ita weight. — Ana. 146 lbs. 
nearlj. 

54, A parabolic spindle of silver is 23 inches long; its 
diameter 8 inches : what is its weight ? — Ans, 233.6 lbs. 

55, The length of a cask is 45 inches, the bung dia- 
meter 36, and the head diameter 30 inches : required the 
content for each of the four varieties. 

Ans, 1st variety 148.37 gallons. 
2d " 147.76 " 
3d " 139.96 " 
4th " 139.2 " 



QUESTIONS ON TABLE TIL 



56. A sphere 5 inches diameter is filled with quick- 
silver: required its weight. — Ans. 32.4 lbs, 

59, Eequired the diameter of a pound roctet, — Ans. 
1.67 in. 

60. The internal diameter of rockets is usually S of 
their external : what then is the internal diameter of a 
6 lb. rocket?: — Ans, 2 inoiies. 



i weighs 10 lbs. r required its dia- 
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QUESTIONS ON TABLE VIIl. 

62. A sphere coDtiiDs 100 cubic incies ; required its 
diameter. — Ans. 5.75 inohea. 

63. ■ The solidity of a sphere is 180 : what is its diame- 
ter 1 — Ans. 7. 

64. What ia its circumference ? — Ans. 22. 

65. The solidity of an octahedron is 9 : what is the 
length of each of ita sides f — Ans. 2.68. 

66. The moon is distant 240 thousand miles from tbe 
earth, and the time of her complete revolution is about 
27J days: at what distance would she go round in a 
week? — Ans. 96. thousand miles. 

67. The distance of Veuusi368 raillioQsof miles: how 
many weeks does she consume in traversing her orbit ? — 
Ans. 32 weeks. 

68. Vesta performs her revolution in about 47J lunar 
months : required her distance.— Ans. 225 million miles. 

69. Juno is distant 253 millions of miles; how many 
days are consumed in her revolution ? — Ans, 1590. 

70. At what distance would a planet require to be 
placed to revolve round the sun in 2 years ? — Ana. 151 
millions of miles, 

71. Geres is distant 263, Pallas 265 millions of jmlea 
from the sun : how many years is each employed ia^er 
circuit? — Ans. Ceres, 4,6 years ; Pallas, 4.67 yeara. 



72, I have 3 balls, weighing 1 lb,, 2 lbs., and li lbs. 
respectively, the smallest is 3 inches diameter : required 
the diameter of the other two. — .Ans. 378, and 5.87 
inches. 

73. A cone weighing 74 lbs. is 24.6 inches high, and 
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30 inclies diameter at the base: recjuirod the size of a 
similar cone, weighing 100 lbs.— Ans. 27.19 inches high; 
11.05 diam. 

74. I have two similatly shaped casks, the dimenaiona 
of one are, length 5-i, head 34.8, bimg 44.8, and laiddle 
di&meter 83 inches ; the other holds 2; times as much : 
required the dimensions. — Ans. L. 72.3; H. 46.6; B. 
59.98; and M. 111.1. 

75. Out of a sheet of metal, of uniform thickness, a 
piece is cut in the shape of a regular decagon, each of 
whose sides measures 7 inches; its weight is found to he 
81^ lbs. ; a similar piece is cut from the same sheet, and 
weighs 23| lbs. ; what is the length of each of its sides? 
— Ans. 11.83 inches. 

76. Find, by the rule, the cube root of 141. — Ans. 5.2. 

77. The frustum of a nonagonal pyramid measures 3 
inches along each side at top, and 4 at bottom, and the 
depth is 10 inches; into this I put a sphere of brass 
weighing f of what the water required to fill the vessel 
would weigh : what is the diameter of the sphere ? — 
Abs. 4.1 inches. 

required 

79. A tap 2 inches in diameter will empty a cask in 
53i minutes ; what must be the size of one to empty it in 
an hour and 63i minutes? — Ans. 1.373 inches. 

Sfl. Abas a globe of lead 4 inches diameter; B, a 
globe of copper of the same weight : what is its diameter ? 
— Ans. 4.34 inches. 



81. The tinker, mentioned at page 162, si 
making a similar vessel to contain 20 gallons : required its 
dimensions, — Ans. Depth, 13.51 inclies; bottom diame- 
ter, 16.96 ; top, 28.27. 
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APPENDIX. 

During tho sale of the first few hundred copies of tba 
present impression, it has been found that tho omission 
of tlie Compass has proved a great inconvenience; it is, 
therefore, now supplied, as above. 

Most of the operations of the Slide-Bule have been 
exhibited at pp. 91, 92, &c. The prineipal of them may 
be more concisely shown as follows ; — Let a and A denote 
any two logarithmic distances taken on the A line; 6 Slid 
j0 any two equal distances on the B line ; and so on. 
Then a varies aa J as c as d=, and A b.s £ &a C as D^ ; 
e as d', and E as D"; <i= as e= as d% and A' as I? as Il». 

Prom these an immense variety of combinations may 
be formed; some of them more curious than useful. The 
former class the student can invealjgate for himself; of 
the latter kind the fullowiiig are of constant o 



(1) 



a : h : : A : B, whence 2 



hA 
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Of this class are all cases of simple proportion, in- 
cluding raulti plication, division, and many formulaa for 
surfaces. In multiplication a being unity, in division A ; 
and, for surfaces, a a divisor, i length, and A hreadth, 

(2.) a : 6 ; : (? : c, whence c — — 

Of this class are the formulEe for surfaces and solids, 
when divisors are used instead of gauge points. For su.r- 
faces d will he a side, or diameter, or mean proportional 
between two dimensions, and h a quantity varying with 
the boundary of the surface. 

(3.) a ■.hi: d^ -.c, whence 6 = jj- 

Of this class are the formulje for surfaces, in which d 
is a gauge point, c length, and a breadth. 

(i.) cid' :: C:D\ whence C= -^^ 
V ^ ' d" 

Of (lis class are the formula for accelerated motion, 
and for exhibiting the relations of similar plane figures to 
each other ; for finding the areas of surfaces, and the con- 
tent of solids; d being a gauge point : e, in surfaces, a 
variable quantity — in solids, length, height, or depth ; and 
D a diameter, side, or mean proportional between two 
dimensions. 

(p.) e:d'::E:I>>, whence E = -^■ 

Of this class arc the formulse for determining the di- 
mensions of spheres from their weight, or solidity; and 
for eshjbiting the relations of similar solids to each other. 

(6.) a^:e'::A^:&, whence B = e-/— ■ 

The formula for determining the distance of a planet 
from its periodical revolutjon, and conversely. 

The principle of rules containing inverted lines is shown 
as follows : — Let a, 6, and c, denol* any logarithmic 
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distance on the A, B, and C lines ; and, in lieu of D, let 
an inverted line A lie laid down, so that UBity upon it 
coincidea with the extremity of the hue. Theu the 

value of the same distance upon this line will he -^ ; hut 

if it be drawn aside until some other Eumher r fall under 

the extremity, then its value will be -rj and .-, we shall 

r Aca -^ 
have— 7 : c : : d : J, whence h = j where )■ is a constant 

A ' r 

divisor, and A, c, a, any three numbers. 



Solutions of ike more difficult Questions. 

Example 161, page 160.— 1 : 6 : : 3 : 18, the depth of 

the entire cone ; hence -^ of the depth ia cut off; .-. i-^j 

8 
or 2Y of the solidity is cut off, and the remaining frustum 

. 19 4 76 8 116 

13 rjK i c of this IS TTjFi which added to ?p5 ;^ tttt i 
27' 5 \Ab 27 loo' 

hence 135 : 18M : 116 ; ?' 

135 J? : 18 i) : : 116 -S : 17.12 D, the distance from the 

surface of the water to tbe bottom of the cone; hence 

17.12 — 12 = 5.12, the depth of tbe water. 

Ex. 162.— 2 : 18 : : 3 : 27, the height of the entire 

1 /1\' 1 

pyramid; hence -of the height is cut off; .-. \^j orgy 

of the whole is cut off, and the remaining frustum i] 



27' 

1 26 26 3 

~ of this is n^i ^o ^^"^^ person will have ttt' and ^ will 

be for wastil The yarious bulks will therefore be as 
3, 29, 55, and 81. 
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Hence 81 : 27^ : : 55 : ?» : l 29 : ?> : : 3 : 9= j 
81-"JS:27i?::&5£^:23.73C::29£; 19.17 iJ::3£:9i>; 
then 27 — 23.73 = 3.27 ; 23.73 — 19.17 = 4.56 ; 19.17 
— 9=10.17. 
Ex. 172.— 4 lb. : 3' : : 108 lb. : f^ iE:ZD:i 108 
E : 9 inches D, the diameter of the globe ; to find tho 
content of nhich in gallons, the globe gauge point is 23 ; 
diride, then, by 23', 9 times 9^^. 

23i>:9C::9i>;1.37galloDsC; 

12 + 1.37 = 13.37 gallons, the quantity virtually 

put into the vessel. 

Agam, 5 : 20 : : 15 : 60, the height of the entire 
pyramid; to find the content of which, in gallons, the 
pentagonal pyramid gauge point is 21.98; divide, then, 
by 21.98=, 60 times 15= 

21.98 D:%QC::\bD: 27.92 gallons C; 

27-92 — 13.37 = 14.55, the content of the pyramidal 
segment above the surface of the water; then 27.92 ; 60' 
: : 14.55 : ?» 

27.92 E:(JOVi: 14.55 E : 48.28 inches D, the height 
of the segmental pyramid above the water; .-. 48.28 — 40 
^ 8.28, the depth of the vessel unoccupied. 

Ex. 173.— As - of the diameter is to be left, (5-)'or 
5 ^5/ 

1 124 

— ^ of the solidity will be left, and jgX ^1 ^^ turned 

31 
down; .-. each will turn down t--^; the various bulks 

' 125 

wUl therefore be as 1, 32, 63, 94, and 125. 

Hence 125 ; 10' : : 94 : ?^ : : 63 : ?' : : 32 : ?^ : : 1 : 2» ; 
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Ex. 174. — To find, ia pints, the contenta of a globe 

whose diameter is 3.6 inches. The pint gauge point for 

globes is 8.13 ; divide, then, by 8.13^, 3.6 times 3.6". 

8.13 Dr 3.6 C:: 3.6 Z): .703 0; 

.703 + 5 = -V03 4- .777 = 1.48; 

then .703 : 3.6= : : 1.48 : ?» .703 ^ : 3.6 I> : : 1.48 Jff 
: 4.615 2), the diameter; and 113 ^ : 365 5 :: 4.6154 
: 14.49 £, the circiLmference. 

Ex. 175.— Let the diameters be 30 and 50. The 
round or conic gauge point for gallons is 46 ; the con- 
tent, therefore, by formula 17, page 137, is 



(?12 
^6 



'30= 5.1 
50 = 14.2 
80 =36.2 



the content of a vessel whose depth is 12 inches, and 

diameters 30 and 50. Then, since the depth remains 

ialt«red, the content will vary as the squares of the 



55.5 C ; 30 J> : : 14 C : 15.06 D, bottom 
55.5 C : 50 -0 ; : 14 C ; 25.1 B, top diameter. 

Round Timber. 

Instead of using the quarter girt, as mentioned at page 

176, it will be preferable to take the u:hok girt, and /our 

times the diyiaor ; that )s, putting 1, length in feet, ff girt 

in inohes, then the content by the common method will be 

^,i thus, in question 183, 48 7> : 48 C : : 39 7) : 31.7 
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feet C. To find the true content the formula will lie 
j^lgi; ttios, in question 184, 42.53 D : 48 C : ; S9 i> 
: 40J oubio feet C. 

CasJcs. 
The following exhibits Iho formulse for the four varie- 
ties under the simplest form :— 

Irtvar, £(g' + 2,.ff') gar=r- L( S^+2. S'-~-/gol( 2diS.y 
Fr.r«.Sphd. 325^5 Kr.P»r,Spta. g^.W 

3d w. /-(g'+g-) 4th var, Z.(g'+-g-+^f^') 
Tr.Twoe8rb. ytiy. rr.TwcCo. jg,. 

It will be found a great improvement to the rule to 
copy the formulas at pp. 136, 137, 138, on the back of 
one of the slides. 
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PUBLIC ATIOKS 
HENKT CAEET BAIKD, 

a. E. CORNER OF MARKET AND EIETH STREETS, 
PHILADELPHIA. 



SCIENTIFIC AND PKACTICAL. 



THB PKACTICAL MODEL CALC*LATOH, 

PoK the Engineer, Machimat, Manufaetarer of En^ne Work, 
Naval Arcbiteet, Miner, and MiUwrigit. By Oliybb Btknb, 
Compiler and Editor of tlie Dictionary of Machines, Mecbanica, 
Engine Work and Engineering, and Antlior of Tsjions Mathe- 
matical and Mechanical Works. Illastrated i>y numerous En- 
graTinga. To be published in Twelve Parts, at Twenty-five 
Cents each, forming, when eompletod. One large Volume, Octavo, 
of nearlj ei: hundred pages, 

errii^ tBiulta of nutitemoical reMBich, md conflrmeil bj eiporimea^ Khon 
Xlw fnctk*l Medel Cslculnbiriiinbe fbund tofiU a VBCan^y In tbslibnj; 



NORRIS'S HANS-BOOS: FOE LOCOMOTIVE EITGI- 
NEEBS AND KACHIlflSTS; 

Comprising the Calculations for Constructing LoeomoiiveB, 
Manner of setting Valves, &c. &o. Bj Septihds Nokhis, Civil 
anii Mechanical Engineer. In One Volume, 12mo., with illus- 
li-ations $1.50 
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A COMPLETE TKEATISE ON TAKNISG, CTTREYHTG 
AND EVERY BKAKCH OP LEATHEE-IIIUESSING. 

From the French and from original soarees. By Campbeli. 
MoEFiT, one of the Editors of the "Encyclopedia of Clieraistry," 
Anthoc of " Chemiatry Applied to the Manufacture of Soap and 
CaudleB," and other Scientific Treatises. Illustrated with several 
hundred Engravings. CompleteinOneVol., royslSvo. (In press.) 



THE PRACTICAL COTTON-SPINNER AND MANU- 
FACTURES; Or, The Manager's and Overseer's 
Companion. 

This works contains a CoraprehensiTe Syatem of Calculations 
for Mill Gearing and Machinery, from the first moving power 
through the clifi'ereQt processes of Carding, Drawing, Slabbing, 
Koving, Spinniog, and WeaTing, adapted to American Machinery, 
Practice, and Usages. Compcndioua Tables of Yams and Keeda 
are added. Illustrated b; large Working-drawings of the most 
approved American Cotton Machinery. Complete in One Volume, 

octavo $S.50 

This ediUon of Scott's Cotton-Spinner, liy Olivra Btbus, Is designed for tha 

TEE PRACTICAL HETAL-WORKER'S ASSISTANT, 

For Tin-Plate Workers, Brasiers, Coppersmitha, Zinc-Plate 
Ornamenters and Workers, Wire Workers, Whitesmiths, Black- 
smiths, BeU Hangers, Jewellers, Silver and Gold Smiths, Elec- 
trotypevs, and aU other Workers in Alloys and Metale. By 
Charles Holtzapftel. Edited, with important additions, by 
OiiVEE Btene. Complete in One Volume, octavo §4,00 

It nlll tTea,t of CaiUng, FounainK. and FoninE; of Tonp^s and oth«r IVxils; 
Bv^reeA of Hebt HDd MHU^emnet of Firs?; Woldin^; of Heading inft Bn^^ 
Toms; of PnDFhes»nd AnvHs; of llardi^ning and TemperlDgi of Malleable Iron 
Oaadng^ Ciksa HardonlD^ Wrought and Ca^ lion. Tbo manafrement and ma. 
Dlpolatdon of :tfetals and Alloys. Mnltinfiand Mixing. The manntiDiDeiiC of Fnr- 
nacep, OaitlDg and roundluj; with Metollia monlda, Joining and WorUpg Shunt 
MetaL FeciLllaritlefl of the different Tools employed. Frocasscs dppendvnt ou 

aBB of the Blowpipe, uid every other ^omi Ue^-Worker'B Tool. To the 



nus.cdb, Google 



THE MANUPACrUES OF IRON IIT ALL ITS 
VARIOVS BRANCHES : 

To which is added an Essay on the Manufofiture of Stetsl, by 
Fkeiiebick Ovekmak, Mining Engineer, with one hundred and 
fifty Wood Engraviogs. A new edition. In One Volume, oo- 

tayo, five hundred pages §5.01} 

We haw DOW 1o anncnnM the appeaniiiK of Mothfr iBlnnble work on th» 

date of ^Muabet" and ** SchiiTeDOT'" It is the produDtifmofODeof our traDft^ 
BtLahtio bretbien, Ur- rredeilcb Oreiioaii, AUnlDg Eughuer^ aud wo do Dot 
' " at import&nn ' " 



ODaJyMsj aod uU Ttjl 

iDsivfl atjla BB to be av^jable to file cspuutr of the linmhlesf 
•}ueat^ will ba of mucli adiBDlaee to thoee worhs where the t 



A TREATISE ON THE AMERICAN STEAM-ENGINE, 
niustiated by numerous Wood Cuts and other Engravings. 
By Oliybr Btbjie. In One Volume, royal 8yo, {In press.) 



PROPELLERS AND STEAM HAVI6ATI0IT: 

Witii Biographical Sltetches of Early Inventors. By Robert 
MAcrARLABE, C. E,, Editor of tlie "Scientific American." In 
One Volume, 12ino. Illustrated by over Eighty Wood Engrav- 
ings 76 cts.' 

The object of this " Elstorj of Propellers bnd Steam Vavlp^tion'^ is (wefbld. 






KATHIMAIICS IDE PEACTICAL MEN; 
Being a Common-place Book of Principles, Theorems, Rules, 
and tables, in vaiious Departments of Puce and Mised Mathe- 
matics, with their applications, espeeiolly to the pursuits of 
Surveyors, Architects, Mechanics, and Civil Engineers. With. 
numerous Engcavinga. By Olinihds Oeeoobt, LL.D., P. R. 
A.S Jl^SO 
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PRACTICAL SERIES. 



Tbg Tolumes in tbla series Bre published in duodecimo form, 

and the design is to furnish to Artisans, for a moderate sum, 

Hand-books of the different Arts ond Manufactures, in order 

that they maj be enabled to keep pace wilii the improrements 

of the age. 

Ttere have already appeared — 

THE AMERICAN MILLER AND MILLWRIGHT'S ASSIST- 
ANT Si 

THE TURNER'S COMPANION. 75 eta. 

THE PAINTER, GILDER, AND VARNISHER'S COMPA- 
NION. 75 cts. 

THE LTER AND COLOUR-MAKER'S COMPANION, 75 cts. 

THE BUILDER'S COMPANION. $1. 

THE CABINET-MAKER'S COMPANION.. 75 cts. 

The follomng, among othera, are in preparalioii : — 

A TREATISE ON A BOX OF INSTRUMENTS. By Thomas 
Kkntish. 

THE PAPER-HANGER'S COMPANION. Bj J. Aerowswite. 

THE AMEBICAIT MILLER AND ]SILIWKIGHT'S 

ASSISTANT: 

By William Cartek Hughes, Editor of " The American Mil- 
ler," (newspaper,) Buffalo, N. Y. Illustrated by Drawings of 
the moat approved Machinery. In Ooe Volume, 12mo $1 

Tbc Buthor offBTS it 8a a aubitantiia ffffroncs.lni'kall ofBpeeulBtiva theoriea. 



THE TOEHEE'B COMTAHION: 

Containing Instructions in Concentric, Elliptic, and Ecceatrto 
Turning. Also, Tarious Plates of Chucks, Tools, and Instru- 
menla, and Directiona for using the Eccentric Cutter, Drill, 
Vertical Cutter, and Circular Rest; with Pattema and Instruc- 
tions for working them. Illustrated by nnmerous Engravings. 
In One Volume, 12ido 76ots. 
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THE PAINTER, GIIIEE, AND VAENIBHEE'S 
COKPAIIIOH: 

Containing Rules and Eegulations for ewry thing relating to 
the arts of Painting, Gilding, Varnishing, and Glass Staining; 
numerouB nseful and valuable Eeoeipta ; Tests for the detection 
of Adulterations in Oils, Colours, &,e., and a Statement of the 
Diseases and Acciilents to which Ptunters, Gilders, and Var- 
nishers are particularly liable ; iiith tbe, simplest metlioils of 
Prevention and Bemedy, In one vol. small 12iqo., olotli. 75ots. 

R^j«1jng all that appeared foreign to the BUt^ect^ the FDmpiler has cmittal 
nathiD^ of real pracUoil worth. — N/tnt*s MerclifmCs JVajyorffle. 
An HXCbllvDt pradialt um^it, aod one which the practical man cannot affoid 

It FODtaiQB aveiy thiDg that ie of inlerest to peraoDS cngag^ In this trade. 



THE BXJILDEE'g POCKET COMPAHION : 

Containing the Elements of Building, Surveying, and Arelii- 
tecture ; with Practical Rules and Instructions connected with 
the subject, Bj A. C. Smeaton, Civil Engineer, &o. In one 
volame, 12mo. $1. 

B ;— The Builder, Carpenter, Joiner, Maaon, Plas- 
terer, Plumber, Painter, Smith, Practical Geometry, Snrveyor, 
Cohesive Strength of Bodies, Architect. 

leniall space, the most thorough diractloiia to the builder, from 






— Even&ts -Sf^i"^- 

anbjeois of which It ticatt. A most i 



BepuUicxa. 

reader may beloaft he -ill 

BaiBl hifl prcgrcsd. — JUrmar 
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TEE DTE£ AlfD COLOTTS-IIAEEK'S COK- 
PASION: 

Containing upwards of two hundred Eeoeipts for making Co- 
lors, on the most approTed principles, for all the Tarious stjlcs 
and fabrics now in existence; >iith the Scouring Process, and 
plain Directions for Preparing, Waaliing-off, and Finishing the 
Goods. In one yolume, small 12mo., cloth. 75 cts. 




THE CABIHET-MAKEE ABD TTPHOISIIEEE'S 
COMPASION; 

Comprising the Eudimenta and Prisciplea of Cabinet Mating 
and Upholstery, with familiar instmotioLS, illustrated by Ei- 
amplea, for attaining a profioieney in the Art of Driwiag, as 
applicable to Cabinet Work; the processes of Veneering,- Inlay- 
ilig, aJid Buhl Work; the art of Dyeing and Staining Wood, 
Ivory, Bone, Tortoiae-sliell, etc. Direetiona for Lackering, Ja- 
panning, and Varnishing; to make French Polish; to prepare 
the hest Glues, Cements, and Compositions, and a number of 
Beoeipta particularly useful for Workmen generally, with Ex- 
planatory and niustratiye EngraTings. By J. Stokes. In one 
volume, 12mo., with illustrations. 75 ota. 

THE PAPEE-HAHOEES COMPANION: 

In which the Practical Operations of the Trade are system- 
atically laid down | with copious Directions Preparatory to Pa- 
pering ; Preventions against tie effect of Damp in Walls ; the 
varions Cementa and Pastes adapted to the several purposes of 
the Trade; Observations and Directions for the Panelling and 
Ornamenting of Rooms, &c. &c. By Jadies A 
One Volume, 12mo. (In press.) 
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THE rRurr, fiowee, and kitchen gaeden. 

BjPatbick Keill, L.L.D. 
Thoroughly revised, and adapted to the climate and seasons 
of the United States, by a ^rac^ical Horticulturist. IHustrated 
by numerous EngraTinga. In one volame, 13mo. $1.25. 

HOUSEHOLD STJRGEET; OR, HINTS ON EMER- 
GENCIES 

By J F I' B f tU <> g f St Tl m Hos- 

P t 1 In 1 m 1 m Dl t t d by ly fifty En- 

g ng |1 25 

Th D t f Shp—? \l F m t t L t Lmi- 

m nt tm t PI t 

S g y — Bl dlltgBlt gV t Thdw 

ng H w t p t R 11 L g th G m Sw 11 E V n 

Bu ,W d,T Cut A hll T lo ,^Vh t b 

done in cases of eudden Bleeding from various ca S lisi 

and Borna, Frost-bite, Chilblains, Sprains, Broken B B t 

Bones, Disloeatioiis, Ruptures, Piles, Protruding B w 1 W t- 
ting the Bed, Whitlow, Boils, Blaok-heads, Ingr w N 1 
Bunions, Corns, Sty in the Eye, Blight in lie Eye, T m u- n 
the Eyelids, Inflammation on the Surface of the Ey I tul 
on the Eye, Milk Absoesaes, Sore Nipples, Irrit bl B t 
Breathiog, Stifling, Chokiag, Things in the Eye D as 
Eieroise and Diet of Cliildren, Bathing, Infectiona, Ob t n 
on Ventilation. 



HOUSEHOLD KEDICINE. 

Id one Tolume, 12mo. Uniform with, and a < 
the above. (In immediate preparation.) 
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THE ENCYCLOPEDIA OE CHEMISTEY, PEACH- 
CAI AHD IHEOEETICAL ; 

Embcacing its application to thoArta, SIctallurgy, Mineralogy, 
Geologj, Medicine, and Pharmacy. By James C. Boom, Melttr 
and lUfiner ia the United States Mint; Frofessor of Applied 
Chemistry in the Frunlclin Institute, etc.; assisted by CampbelTi 
MoBFiT, author of "Chemical Manipulations, " etc. Complete 
in one Tolame, royal octaTO, 978 pages, with numerous wood 
cuts and other illustratious. $5. 

Bj &r the TjEBt manuBl of the tind nhwb hoB Ijecn prcaenlea to the Amctl- 
An Inraluablo vork £jr thf dissemiaatioii of soand practical knowledge. — 
A tteaaxu; of diPrnkallDfiirmLtioa. including all tile latest acd moat import- 
AG tha flrit glance at tfala ma£Blvfl volume, one \a amazed at the amount of 
rmUiir ftandahedlallaGOmpa^donhlepaeu^ abouL ouethousAnd In number. 
A furlfaF «iamtn»l5on shows tkat eTcrj pi^e is richly stored with informii- 
tlon, bud tlkat whtle the labours of the antfaora have covered a "nide field, thej 
bam neiclested or el<elit«l aothlug; Evscs cbomlcsl tatm, sutntanoe, ind pro- 
cess is elaborately, but intelligibly, deeoribed. The vhole Kdeuoa of Cbemletry 
is plaefd beSire the reader as fully as is prutlabk, with ■ Ksleiue mntluiially 
progFesHD^. ■ * Unlike most American irorks of this olais, the tnthorB have 
not depenflcd npon any one EuH^eaa -work ibr their materiala. They Isve 
rathored (heirs from works on Obemlstry hi all languages, and In all f«itg of 

iniiy to Battle doubts or reeonclle conflicting authorities. The fruit of eo mnrh 



PEllFTTSIEEY; ITS MAKUFACTTTRE AND USE: 

With Instructions in every branch of the Art, and Receipts 
for all the Fashionable Preparations ; the -whole forming a valu- 
able aid to the Pevfiimer, Druggist, and Soap Manufacturer, 
Illustrated by numerous Wood-cats. From the FreQch cf Cel- 
Eart, and other late authorities. With Additions and Improve- 
ments by Campbell Morfit, one of the Editors of the " Eney- 
olopedia of Chemistry," In one Tolume, 12mo,, cloth. $1. 
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A TREATISE ON A BOX OF INSTEUMENTS, 

And tlie Slide Rule, with the Theory of Trigonometrj ai 
Logarithms, including I'raotieal Geometry, Surrcjiug, Measu 
ing of Timber, Cask and Malt GangiDg, Heights and Diatanoi 
By Thojias KEXTisn. In One Volume, 12mo. (In press.) 



STEAM FOR THE MILLION, 

An Elementary Outline Treatise on the Nature and Manage- 
ment of Steam, and the Trinoiples and Arrangement of the 
Engine. Adapted fof Popular Instruction, for Apprentices, and 
for the use of tie Navigatjir. With an Appendix containing 
Notes on Expansiye Steam, &o. In One Volume, Svo...37}cts. 



SYlLABirS OF A COMPLETE COURSE OF LEC- 
TURES ON CHEMISTRY : 

Including its Application to the Arts, Agriculture, and Mining, 
prefdred for the use of the Gentlemen Cadets at the Hon. E. I. 
Co.'s Military Seminary, Addiaoombe. By Professor E. Sour, 
Lecturer on Chemistry in the Hon, E. I. Co.'s Military Seminary. 
Revised by the Author of "Chemical Manipulations," In on« 
volume, octavo, cloth. $1.25. 

The prtseot vprk Es defqgupd to occupy b va^^nt pltuK la the libraries of 
Cbemlral teit-boobe. It is admirably adapttil to the wanta ef both itACRER 
and popiL; and will be tbnud espedally conyeawnt to (he latter, either ea a 

a utance, nndec appropriBl* heedings, a claseifled yiett of the nbnlc Bcien™, 
wtaloh Is at tlH sama nme compendlonB and mlDntel]> Bccnnite; and its fide 
mar^DP tJ^irA BUffldent blemk «pace &t Bwh maauBcript Dotea aa tlio student 
Joey wij4h to add dnrlng leoiorea or rfratatiou^. 
The almoRt 1ndlspeiual>Ie advanU^fl of BUeb aa Impirsaive aiS to meinoTj 
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ELECIEOITPE MANIPnLATION: 

Being the Theory and Plain InBtmctions in the Art of Wofting 
In MetaJSi bj Precipitating them from, their Solutions, through 
the agency of Galvanic or Voltaic Electricity. By Chahies V. 
Walkeb, Iloa. Secretary to the London Eleotrieal Society, etc. 
Illustrated by Wood-cuta. In one volume, 24mo., cloth. From 
the liirteenth Loudon edition. 62 cts. 



PHOTOGENIC MANIPULATION: 

Containing the Theory and Plain Initructioiis in the Art of 
Photography, or the Productions of Pictures through the Agency 
of Light; including Calotype, Chryaotypa, Cyanotype, Chroma- 
type, Energiatype, Anthotype, Amphitype, Daguerreotype, 
Thermography, Electrical and GalTauio Impresaiona. By 
GeOege TiiowAS FisHEB, Jr., Aesiatant in the Laboratory of 
the London Instituiion, ninstrated by wood-cuts. In one yo- 
lunie, 24mo., cloth. G2cts. 



MATHEMATICS POE PEACTICAI MEN: 

Being a Common-rince Book of Principles, Theorems, Enta, 
and Tables, in various liopartmenta of Pure and Mised Mathe- 
madcs, with their "Applications ; especially to the pursuits of 
Snrveyors, Architects, Mechanics, and Civil Engineers, with nu- 
merouB Engravings. By Olin'tucs Gheooet, L. L. D. $1.50. 

—ZwdA 



1 applictttum of them 



AN ELEMENTAEY COTTRSE OF INSTETTCTION 
ON ORDNANCE AND GUNNERY: 

Prepared for the u;e of the Jlidshipmcn at the Saval SchooL 
By Jambs H. Wabd, U. S. S. In one volume, octavo. $1.50. 
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SHEEP-HirSBANDEY IN THE SOUTH: 

Comprising a Treatise on the AccMmntioa of Sheep in the 
Southern States, and an Account of tie different Breeds. Also, 
B Complete Mannal of Breeding, Summer and Winter Manage- 
ment, and of the Treatment of Diseases. 'With Portraits and 
other Illustrations. B; Hgnkt 8. Babdaix. In One Volume, 
OCtSTO Sl.25 



ELWOOD'S GRAIN TABLES: 

Showing the yalue of Bushels and Pound') of different kinds 
of Grain, calculated in Federal Aloney, so arranged as to exhibit 
upon u single page theTalue st a, given -prica from ten eenia to imo 
dollars per liushel, of an; quitntit; from one pound to ten thousand 
buthelt. By J. L. Elwood. A new Edition. In One Tolome, 

12mo ,.$l 

Td Millers anci Prolnre Dealers Ibis work Is pronouDced by all 'ho bsn It 



MISS LESLIE'S COMPLETE COOKERY. 

Directions for Cookery, in its Varions Branches. By Miis 
Lesiib. Forty-second Edition. Thoroughly Reiised, with the 
Addition of New Receipts. In One Volume, 12mo, half bound, 
or in sheep $1 



a ue" Rnd CKrefOlIj n 
r^ceipt^ tbU i trust nill on trial ba II 






t improFvnuiilB in the family tabic, after pceeentioE thi^r itUre with thla 
Dal of domestla awkecy, and tfaat, after a momiDK devoUd to tlio fbtieneB 

■KBBBd dinner. — Pn^oce. 



MISS LESLIE'S TWO HUHDEED RECEIPTS IN 
FRENCH COOKERY. 

Anew Edition, in cloth 25ctg. 



,Google 



TABLES OF LOGAEITHUS FOR ENGINEERS AND 
HACHINISTS : 

CoDtaming the Logarithms of the Natural Numbers, from I to 
;00000, by the help of Proportional Diftcrcnoea. And Logn- 
ritimio Sines, Cosines, Tangents, Co-tangents, Secants, and Uo- 
Beoftjits, for every Degree and Minute in the Quadrant. To 
which are added, Differences for every 100 Seconds. By Oliver 
Byknb, Civil, Military, and Mechanical Engineer. In Ona 
Volume, 8vo. cloth $1 



TWO HITNDRED DESIGNS FOR COTTAGES AND 
VILLAS, &c. &C. 
Original and Soleoted. By Thomas U. Waltek, Architect of 
Girard College, and JoHS Jay Smith, Librarian of the Phila- 
delphia Library. In Four Parts, quarto $10 

1ELEMESTARY PRINCIPLES OF CARPENTRY. 

By TnosiAS TeedgOld. In One Volume, quarto, wiOi nume- 



A TREATISE ON BREWING AND DISTILLING, 

In One Volume, 8vo. (In press.) 



FAMILY ENCYCLOPEDIA 

Of Useful Knowledge and General Literature; containing 
about Four Thoueand Arliclea upon Scientific and Popular Sub- 
jects. With Plates. By Johm L. Blake, D. D. In One Volume, 
8to, full "bound $5 



SYSTEMATIC ARRANGEMENT OF COKE'S FIRST 
INSTITUTES OF THE LAWS OF ENGLAND. 

Ey J. If. TuojiAS. Three Volumes, 8to, law eheep $12 

AN ACCOUNT OF SOME OF THE MOST IMPORT- 
ANT DISEASES OF WOMEN. 

By RoBKiiT CoocH, M. D. In One Volume, 8vo, sheep... Sl-50 
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STANDARD ILLUSTRATED POETRY. 



THE TALES AND POEMS OF LOED BYROB": 

;, royal 8to. 

$5 

87 



CHILDE HAKOLD; A RGMATJNT BY LORD BYRON: 

Illustrated by 13 Splendid Plates, by Wabken and others. In 

One Volume, royal 8to., cloUi estra, gilt edges $5 

Morocco extra $7 






THE FEMALE POETS OF AMERICA 
By RuFus W, Gkiiwoii> A n.w Edition In One Volume, 
royal Svo. Clotli gilt $2^0 

Cloth extra, gilt edges $3 

Morocco euper extra $4 50 

Thfl bant pmductiDD which ha" vat CDPiQ from the pen of Dr Obi3woij> and 
th» muflt TUUAble coil trj but JOQ which he hoj evi!r mada to th« IJteraiy celabtlty 



THE LADY OF THE LAKE: 

By SiK Wai-tkb Scott. Illustrated with 10 Plat«B, by Cob- 

BOULD and Meadows. In One Volume, royal Sro. Bound in 

oloth extra, gilt edges $5 

Turltey moroceo super estra $7 



LALLA ROOKH ; A ROMANCE BY THOMAS MOORE: 

Illustrated by IS Plates, from Designs by Cordodld, Mea- 
dows, and Stephanoff. In. One Volume, royal Sto. Bound in 

clolh extra, gilt edges $5 

Turliey morocco super extra f 7 
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THE POETICAL WORKS OF THOBIAS GRAY ; 

With Illustialions Ijj C, W. Radclifp. Edited with a Memoir, 
by Hebui Rbed, Professor of English Literature in the Uni- 
versity of Pennsylvania. In One Volume, 8to. Bound in cloth 

estra, gilt edges $3.51) 

Turkey moroeoo aaper estra jS.aO 

It is many a da.7 since wa bava wen EeBUfd from the pr&BB of our wuutry k 
Yolume so complete and. truly ele^nnt in every respKt. The tJpogTbpby if 
fanltlosa, tbe lIlualiBtioDS euperior, end the bioiliDg superb.— TVg^ Wl.ig. 



THE POETICAL WORKS OF HENRY WADSWORTH 
LONGFELLOW: 

Iliustrated by 10 Plates, after DesiRna by B. HnnriBODOjr, 
vitli a Portrait. Ninth Edition. In One Yolnme, royal Svo. 

Bound in cloth extra, ^1t edges |5 

Morocco super extra $T 



POETS AND POETRY OF ENGLAND IN THE NINE- 
TEENTH CENTTTRY 

By RuFLS W. GnisnOLD Illustrated In One 1 olume roTal 
Svo. Bound in cloth «3 

Cloth eitra, gilt edges $3 SO 

Morocco super extra $5 

Sneb la Ui« critical acnmm diecovercd in tHi-ee Hlecbons. that Kaiwlv a p^^ 



THE TASK, AND OTHER POEMS. 

By William Cowteb. Illustrated by 10 Steel Engraving. 

In One "Volume, ISmo. Cloth extra, gilt edges -S2 

Morocco ei'rit ....$2 

"The illunratloM In this edition ot Cowper an imiat eiquistely dea^ed and 
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THE FEMALE POETS OF GREAT BEITAIN. 

with Copious Selectiona and Crltioftl Kemarks. By Fbedkeio 
EoWTON. With Additiona by an American Editor, and finely 
engraved IHuatrations by celebraled Aiiiats, In One Voiume, 

royal 8vo. Bonnd in cloth extra, gilt edges ^5 

Turkey moroooo |7 



SPECIMENS OP THE BRITISH POETS. 

Prom the time of Chan 
tury. By TnoMAa Cam 



THE POETS AND POETRY OF THE ANCIENTS : 

By WittiAM Petek, a. M. Comprising Translntiong and 
Specimens of the Poeta of Greece and Rome, with an elegant 

engraved View of the Coliseum at Roma. Bound io eloth $8 

Cloth estra, gilt edges $3.60 

Turkey morocco sapec eitra $5 



THE POETICAL WORKS OF N. PARKER WILLIS. 

Illustrated by 16 Plates, after designs by E, Ledize. In One 
Volume, royal Bvo. A new Edition, Bound in cloth eitra, 

gilt edges $5 

Turkey morocco super eitra $7 
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MISCELLANEOUS. 



ADVENHTRES OP CAPTAIN SUttON SUGGS ; 
And other Skctohes, By Johnson J. Hoofeb. WJtJi lUusti 
!i,paper 



...50cts. 
Cloth... 



AUNT PATTY'S SCRAP-BAG. 

Bj Mrs. Cajlolibe Lkh Hentk, Auttor of "Lintta.-" 12njo. 

Paper covers 50 eta. 

Cloth 62ctg. 

BIG BEAK OF ARKANSAS ; 

And other Western Sketches. Edited by W. T. Porter. In 

Oce Volume, 12nio, paper 50 ots. 

Cloth 62ct3. 



COJnC BLACKSTONE. 

y GiLEEHT Abbot a' Beceet. Illustrated. Complete in One 
jrae. Cloth 7a Ota. 



GHOST ST0EIE8. 

llluatrated by Designs by Daeley. In One Volume, 12mo, 
paper covers 50 eta. 



MODERN CHIVALRT; OR, THE ADVENTURES OF 
CAPTAIN FARRAGO AND TEAGUE O'REGAN. 

By H. H. Bkhokekrioge. Second Edition since the Author's 
death. Witli a Biographical Notice, a Critical Disquisition on 
the Worlt, and Esplanatory Kotes. With Illustrationa, from 
Original Designs by Darlet. Two volumes, paper covers $1.00 
Cloth or alieep $1.25 
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COMPLETE WORKS OF LOED BOLINGBROKE : 

With a Life, prepared espressly for this Edition, containing 
Additional Inropmation relative to his ParBonal and Pnblio Chti- 
racter, selected from the best authoritjea. In Four Volumes, 

8to. Bound in cloth $B.0O 

In sheep 7.50 

CHRONICLES OF HNEVILLE. 

By the Author of "Major Jones's Courtship." Illustrated by 

Daklet. 12mo, paper 50 els. 

Cloth 62cts. 



GILBERT GURNEY. 

By Theocohb Hooe. Witi Illustrations. In One Volume, 
8to,, paper 50 cts. 



MEMOIRS OtF THE GENERALS, COMMODORES, 
AND OTHER COMMANDERS, 

Who disUngaished theioaelTes in the American Army and 
Navy, during the War of the Revolution, the War with France, 
that with Tripoli, and the War of 1812. and who were presented 
with Medals, by Congress, for their eiillant serTioes. By Thomas 
WriTT, A. M.. Author of "History of the Kings of France." 
Illustrated with Eighty-two EngraTinga from the Medals. 8vo. 

Cloth gilt $2.00 

Half morocco 52.50 



GEMS OF THE BRITISH POETS. 

BjS. C. Hall. In One Volume, 12mo., cloth $1.00 

Cloth, gilt |l.25 



VISITS TO REMARKABLE PLACES : 

Old Halls. Battle Fields, and Scenes lUustrativc of striking 
passages in English History and Poetry. By William Howitt. 
In Two Volumes, 8to, cloth $3.50 
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JTASEATIVE OF THE ARCTIC lAHB EXPEDITION. 

By Captain Back, E. N. In One "Volume, 8to, l>oarda...$1.50 



THE MISCELLANEOUS WOEKS OF WILLLAM 
HAZIITT. 

Including Tahle-talk ; Opinions of Books, Men, ainJ Things; 
Lectures on Dranmtio Litemtare of tlie Age of Elizabetli ; Lec- 
tures on the English Comic Writers; The Spirit of tie Age, or 

Contemporary Portraits. Five Volumes, 12mo., cloth .SS.rtO 

Half calf S6.25 



FLOKAI. OFFEKIHG. 

A Token of Friendship. Edited byFKABCBB S. OsaooD. Illna- 

S rated by 10 heautiful Bouquets of Flowers. In One Volume, 
to, muslin, gilt edges $3.50 

Turkey morooeo super estra $3,50 



THE HISTORICAL ESSAYS, 

Publleted. under the title of "Dik Ana U'Etude Ilistoriquo," 
and Narratives of the MBFOvingian Era; or. Scenes in the Siith 
Century. With an Autobiographical Preface. By AnGuanrs 
THiEBar, AutJior of the " History of the Conquest of England 

by the Normans." 8vo., paper 75 ots. 

Cloth $1.00 



BOOK OF THE SEASONS i 
Or, Tie Calendar ot Nature. By William Howir 
Volume, 12mo, cloth 



PICKINGS FROM THE "PORTFOLIO OF THE RE- 
PORTER OF THE NEW ORLEANS PICAYUNE." 

Comprising Sketclies of the Eaatem Yankee, the Western 
Hoosier, and such otters as make up Society in the great Me- 
tropolia of the South. With Designs by Dahlbt. 18mo., 

paper 50 ota. 

Cloth 62cts. 
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H0TE8 OF A TRAVELLER 

On the Social and Political State of France, Prussia, Switzer- 
land, Italy, and other pacts of Europe, during the present Cen- 
tury, By Samcel Laikq. In Ona Volume, 8vo,, cloth $1 



HISTORY OF THE CAPTIVITY OF NAPOLEON AT 

ST. HELENA. 

By Gbsehai Count MosinoiON, the Emperor's Companion in 
Exile and Testamentary Eiecutor. One Volume, 8vo., cloth, $2.60 
Half morocco $3.00 



UY SHOOTINQ SOX. 

By Fbank Fobkesteb, (Henry Wm. Herbert, Esq.,) Author of 
"Warwick Woodlands," &e. With lUustrationa, by Dablet. 

One Volume, 12mo., cloth 62 eta. 

Paper covers 60 eta. 



MYSTERIES OF THE BACKWOODS: 

Or, Sketches of the South-west— in eluding Character, Scenery, 
and Rural Sporta. By T. B. Thorpe, Author of "Tom Owen, 
the Bee- Hunter," &c. Illnatrated by Dablei. I2mo, olatlt, 62 cts. 
Paper 50 cts. 



NARRATIVE OF THE LATE EXPEDITION TO THE 

DEAD SEA, 

From a Diary by one of the Party, Edited by Edwakd P. 

MoNTAGDE. lamo, cloth $1 



MY DREAMS : 

A Collection cf Poems. By Mrs. Lociba S. MoCobd. 12mo, 



AMERICAN COMEDIES. 

By James K. Pav;ldiso and Wm. Irvisq Pauldis. 
Volume, 16mo, boards 
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RAMBLES IN YUCATAN; 

Or, Notes of Triivel through the Peninaula : including a Viait 
to the Remarhaible Ruins of Chi-chen, Kabali, Zii;i, and Uimnl. 
With niiiDeroua Illnatvationa. By B. M. Nokhan. SeTenth Edi- 
tiou. In One Volume, octavo, cloth $2 

THE AMERICAN IN PARIS. 

By JoHH Sanderson. A New Edition. In Two Volumes, 

12mo, cloth $1 

This ia the moat animated, graceful, and lDt#lli£ent Gtetch of I'cench man- 
nera. or any oUier, Out we have bad for these tweQt5 years. — Ltntdtm MmtMy 



ROBINSON CRUSOE. 

A Complete Edition, with Sii lUustrationa. One Voiume, 

8yo, paper covers $3.00 

Cloth, gilt edges $1.26 



SCENES IN THE ROCKY MOUNTAINS. 

And in Oregon, California, New Meiico, Tesaa, and the Grand 
Prairiea ; or. Notes by tie Way. By Riifcb B. Saqe. Second 

Edition. One Volume, 12nio, paper covers SO cts. 

With a Map, bound in cloth 75 eta. 



THE PUBLIC MEN OF THE REVOLUTION: 

Including ETents from the Peace of 1783 to the Peace of 1815. 
In a Series of Letters. By the late Hon. Wh. Sullivan, LL. D. 
With a Biographical Sketch of the Author, by his aon, John T. 
S, SuLLiTAN. With a Portrait. In One Volume, 8to, cloth. ..$2 



ACHIEVEMENTS OF THE KNIQHTS OF MALTA. 

ByALEsAKDEnSoTHEBLAKD. In One Volume, 16mo,cloth, $1.00 



ATALANTIS, 

By William Gilsiobe Simms. 12mo, boards, 37 et 
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LIVES or MEN OE LETTERS AND SCIENCE. 

By Henrt Lohd Bbouoham. Two Volumes, 12mo, cloth, $1.50 

Paper Jil.OO 



THE LIFE, LETTERS, AND JOITENALS OF LORD 
BYRON. 

Br Thomas Moore. Two Volumea, I2mo, clotli $2 

THE BOWL OF PUNCH. 

niuBtrateiJ by Numerous Pliitcs. 12nio, paper 50 ota. 

CHILDREN IN THE WOOD. 

UlufltratBd by Habvey. 12iiio, clotli, gilt 60 ots. 

Paper 25 etfl. 

CHARCOAL SKETCHES. 

By Joseph C. Neal. Wltli IIlustratioiiB. 12mo, paper, 25 ola. 

THE POEMS OF C. P. CRASCH 

Iq One Volume, 12nio, boards 37 eta. 

THE WORKS OF BENJ. DISRAELI. 

Two Volumes, 8yo, cloth $2 

Paper covers gl 

NATURE DISPLAYED IN HER MODE OF TEACH- 
ING FRENCH. 

By N, G. DnfiEF. Two Volumes, Svo, boards $5 

NATURE DISPLAYED IN HER MODE OF TEACH- 
ING SPANISH. 

By K, G, DcFiEr. Iq Two Volumca, Svo, boards $T 
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